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INTRODUCTION

The Laboratory for Extraterrestrial Physics (LEP) performs experimentaland theoretical reseach
on the properties and dynamics of theheli osphere, the interstell ar medium, and the
magnetospheres andupper atmospheres of the planets, including the Earth. In addition,LEP
members gudy the chemistry and physics of planetary stratospheresand tropospheres and d
condensed solar system metter includingmeteorites, asteroids, comets and danets. The LEP
conduwcts afocused program in astronamy, particularly in the infrared andin short as well asvery
long radio wavelengths. We dso performan extensive program of laboratory research, including
spedroscopyand physicd chemistry related to astronamical objeds.

The Laboratory propases, devel ops, fabricates, and integratesexperiments on Earth-orbiting,
planetary, and heli ospheric spacecraftto measure the charaderistics of magnetic fields, electric
fields,and dasmasin space. We design and develop spedrometric instrumentationfor continuum
and spedral line observationsin the X-ray, y-ray,infrared, and radio regimes; these ae flown on
spacecraft tostudy the interplanetary medium, asteroids, comets, and danets.Studies are
conducted to investigate dedric and magnetic fieldsand dasma-dynamic phenomenain the near-
Earth space environmentto determine the temporal and spatial variations influencing themotion



and composition d plasma and reutral gasesin the Earth'satmosphere and magnetosphere.
Subarbital soundng rockets andground lkased olserving platforms form an integral part of
theseresearch adivities.

Thisreport covers roughly the period from August, 1995to September,1996.
|. PERSONNEL

Dr. Richard Vondrak, appanted last year, continues as Chief ofthe Laboratory for
Extraterrestrial Physics. Before joining theL EP, he was Director of Space Physics, Lockheed
Palo Alto ReseachLaboratory, Lockheed Research and Development Division. Mr.
FranklinOttensis Asgstant Chief. The Laboratory Senior Scientists areDrs. Richard Goldberg,
JohnHillman, Michad Mumma, Louis Stief,and Robert Stone. The Branch Heads are: Dr.
Joseph Nuth (Astrochemistry);Dr. Keith Ogil vie (Interplanetary Physics); Dr. Drake Deming
(PlanetarySystems); Dr. Steven Curtis (Planetary Magnetospheres), and Dr.James Slavin
(Eledrodynamics). The Information Analysis and DisplayOffice is headed by Mr. Willi am Mish.

The Civil Servicescientific staff consists of: Dr. Mario Acufia,Dr. JohnAllen, Dr. Robert
Benson, Dr. Thomas Birmingham, Dr.Gordon Bjoraker, Dr. JohnBrasunas, Dr. David Buhl, Dr.
LeonardBurlaga, Dr. Gordon Chin, Dr. Regina Cody, Dr. JohnConrerney,Dr. Michael Desch,
Mr. Fred Espenak, Dr. Joseph Fainberg, Dr.Donald Fairfield, Dr. Willi am Farrell, Dr. Richard
Fitzenreiter,Dr. Michad Flasar, Dr. Melvyn Goldstein, Dr. Joseph Grebowsky,Dr. Fred Herrero,
Dr. Michad Hess, Dr. Robert Hoffman, Dr. DonaldJennings, Mr. Michael Kaiser, Dr. John
Keller, Dr. Alexander Klimas,Dr. Theoda Kostiuk, Mr. Virgil Kunde, Dr. Ronald Lepping,
Dr.Robert MacDowall, Dr. Willi am Maguire, Dr. MarlaMoore, Dr. DavidNava, Dr. Walter
Payne, Dr. JohnPeal, Dr. Robert Pfaff, Dr.Dennis Reuter, Dr. D. Aaron Roberts, Dr. Paul
Romani, Dr. RobertSamuelson, Dr. Edward Sittler, Dr. Mark Smith, Dr. David Stern,D r. Jamb
Trombka, Dr. Aldofo Figueroa-Vifas, and Dr.Peter Wasil ewski.

The following are National Research Courcil Associates: Dr.Richard Achterberg, Dr. James
Clemmons, Dr. Michad Calli er, Dr.Nell Dell oRus, Dr. Frank Ferguson, Dr. Nicola Fox, Dr.
RyoichiFujii, Dr. Robert Glinski, Dr. Susan Hall enbeck, Dr. Joseph Harrington,Dr. Vladimir
Krasnopdsky, Dr. Giovanni Laneve, Dr. Thomas Moran,Dr. Pedro Sada, Dr. Michael Smith, Dr.
Peyton Thorn, Dr. MarkWeber, and Dr. Xingfa Xie.

Personrel on contract to GSFC or in the LEPas longterm visiting faaulty include: (Hughes/STX)
Dr. AshrafAli, Dr. Daniel Bedichevsky, Dr. Scott Boardsen, Mr. Mark Cushman,Dr. Roger Hess
Dr. Shrikanth Kanekal, Dr. Masha Kuznetsova, Dr.Brook Lakew, Dr. Carey Lisse, Dr. Paul
Marionn, Dr. Nitya Nath,Mr. George McCabe, Dr. Vladimir Osherovich, Dr. Mauricio
PeredoDr. Michad Reiner, Dr. Takehiko Satoh, Dr. Pamela Solomon, Dr.Adinarayan
Sundaram, Dr. Adam Szabo, and Dr. Nikolai Tsyganenko;(Universities Space Research
Assoociation) Dr. Dimitris Vassli adis,Dr. Jesper Gjerloev, and Dr. Valeriia Troitskaia, Dr. Hung
KitWong; (Applied Research Corporation) Dr. Sanjoy Ghash, Dr. Michad Goodman, Dr.
Thomas Moran, and Dr. Edouard Siregar; (ComputerSciences Corporation) Dr. Larry Evans,
(Cathdlic University) Dr.Pamela Clark, Dr. Tamara Dickinson, Dr. Michad DiSanti, Dr.
FredNeshitt, and Dr. Richard Starr; (University of Maryland BaltimoreCourty) Dr. Marcos
Sirota; (Georgia Southern University) Dr. RobertNelson; (University of Maryland Coll ege Park)



Dr. Dennis Chornay,Ms. Kelly Fast, Dr. Denise Lengyl-Frey, Dr. Thejappa Goll a, andDr.
Timothy Livengood (Charles Courty Community College) Dr.George Kraus; (Cornell
University) Dr. Barney Conrath, and Dr.Paul Schinder; (Rowan College) Dr. Karen Magee
Sauer; and (Universityof Virginia) Dr. Lembit Lill eleht, and Dr. Patrick Michael

II. PLANETARY & COMETARY RESEARCH

Jupiter

Planetary-Scale Thermal Waves. D. Deming and coll aboratorscompleted an analysis of infrared
observations of planetary-scalethermal waves on Jupiter. They concluded that these low-
amplitude(A0.3Kelvin) waves are likely to be Rossy waves, representedby small | atitude
excursionsin the zonal winds. These latitudeexcursions produce temperature fluctuations via
"vortex stretching,"a onsequence of vorticity conservation. The necessary latitudedeviationsin
the zonal wind streamlines were cdculated to beof order 1°. The small System II1 phase velocity
of the wavesindicates that they are forced by structure which rotates at nearlythe same rate & the
Jovian interior. Spedfic posghiliti es forsuch forcing include the interadion d the degp zonal
winds withinterior structure, and forcing by stable vortices such astheGrea Red Spat.

Ethare Emisson. T. Kostiuk, D. Buhl, and K. Fast, of theL EP, with colleagues J. Goldstein and
T. Hewagama (National Air and Space Museum), measured auroral 12 pm ethaneemisgon from
the north pde of Jupiter in September 1996at theNASA Infrared Telescope Facility (IRTF) on
Mauna Kea, Hawaii.These infrared heterodyne line measurements are alditional datain a set
obtained since 1981to be used in the study of long termvariabili ty and correlation with solar
cycle and seasona effedsof the Jovian infrared hydrocarbon aurora.

Ultraviolet Emisgon. T. Livengoodwas co-Pl with R. Prangé(IAS, Paris, France) of the final
Guest Observer program withthe International Ultraviolet Explorer satellite. A multi-
nationaltean travel ed to the European SpaceAgency groundfadlity atVill afrancadel Castill o,
Spain in August-September 1996for sixfull weeks of observations of nearly al significant
ultravioletemissons yet identified from the Jovian system. Targets observedinclude variabili ty
monitoring of the aurorae and the equatorialLyman-a bulge anisson, Hgh signal-to-noise,wide-
bandwidth, zonally-averaged measurements of the stratosphericalbedoin the equatorial and
Shoemaker-Levy 9 impad-latituderegions on Jupiter, the lo plasmatorus, and abedo
measurementsof threeof the four Galil ean satellit es. Over 650 spectra resultedfrom this program,
sampling Jovian phenomena ontime scaes andwith detail not previously achieved.

Jupiter, Shemaker-Levy 9 impact event. T. Kostiuk,D. Buhl, F. Espenak, P. Romani,

G. Bjoraker,K. Fast, and T. Livengood,with D. Zipoy (UMD), pulishedan analysis of high-
resolution spedra of two Shoemaker-Levy 9impact regions on Jupiter, oltained using the GSFC
Infrared HeterodyneSpedrometer. These observations measured emisson d ammoniainjeded
into Jupiter's gratosphere after the impacts and provideevidence that the enisson was isolated to
the upper stratosphere. These data ae airrently being compared with similar
observationsobtained by A. Betz (U of Colorado) to investigate the time-devel opmentof
ammonia anisson at the Shoemaker-Levy 9 impad sites. Theseresults will be used to develop
improved models for ammonia chemistryin the stratosphere of Jupiter.



T. Livengood, T. Kostiuk and H. Kaufl (EuropeanSouthern Observatory) are wntinuing the
cdibration and anal ysisof mid-infrared imaging of Jupiter taken through the Shoemaker-Levy9
impads and the week foll owing, investigating the morphdogicaland kroadband
spedrophdometric development of the impad sites'stratospheric signature. The data set in hand
includes observationsseveral months prior to the impads as well as svera monthsfoll owing the
impad.

Models of NHz Spedra. P. Romani coll aboratedwith ather LEP membersin interpreting infrared
heterodyne observationsof NH3; emisson lines in the stratosphere of Jupiterfoll owing the
Shoemaker-Levy 9 impad. Severa 1-D NHzphaochemicd models were constructed. The
simplest model isa'rapid decay" model. It asaumes 100% lossof NHsfoll owing phaolysis and
includes only NH3 self-shielding.However, even from this Smple model it was passbleto draw
somepreliminary conclusions. If the Q1 impad produced the same initialamourt of NH3 as K/G
then haizonta spreading alongwith phdochemica lossmust be cnsidered in modeling the
NHsspedra as afunction d time. Alternatively, since Q1 was asmall erimpad than K/Git is
consistent that Q1 produced lessNHsthan the K/G impads. Inclusion d other shielding sources
will strengthen these conclusions. For longer periods (months) afterthe impads the retrieved
stratospheric NH3 abundanceis too high to be explained by this sSmple phaochemicd modeland
horizontal spreading. Additional shielding or substantialrecycling (80%) of NH3 post phaolysis
isrequired.

Observation andModeling d Hydrocarbon $edra. In late1994and early 1995D. Jennings and
P. Sada observed CH,4,C,Hg, and C,H, emissionfedures on Jupiter with a ayogenic etelle
spedrometer (CELESTE).A preliminary run (by P. Romani) with a1-D CH,4
phaochemicdmode resulted in a case that wastoorich in C;Hzand too poa in C,Hg by
approximately thesame anourt (afador of abou 2). Thisis smilar to the problemencountered
previously in modeli ng the hydrocarbon phdochemistryon Neptune with aK, eddy diffusion
coefficient, profil esimil ar to the one used in the Jupiter model (one that variesas the inverse of
the @mospheric number density to some power).In the case of Neptune it was foundthat the
model could reproduceather the C,H, or Co;Hgemisson feaures to within observational
uncertainties, but whenit was attempted to fit both feaures with the model the bestthat could be
dorewas a cae that wastoorich in C;H.andtoo poa in C;Hg by abou afador oftwo. For
Neptune the solutionwas to use aK profil e thatrapidly increased with dedining presaure in the
lower stratosphereto a value which remained constant with presaure until the methanehomopause
and then decreased at lower presaures. However, beforesuch aK profileisinvoked for Jupiter the
eff ects ofrecent laboratory rate measurements and branching ratios on themodel predicted C,Hg
and C,Homixing ratios need to be ssessd.

lo Flux Tube Foatpaints. Dr. J. E. P. Conrerney and coll eaguesT. Satoh, and R. Baron (U
Hawaii) have imaged Jupiter at 3.40m wavelength using the NSFCAM infrared camera and
NASA's IRTFat Mauna Kea, Hawaii. The technique exploits a set of emissonlines of the Hs" ion
(3.40m) within astrongabsorption band d methane, to image the distribution o Hz'with high
gpatial and temporal resolution. These images evidencantense and annipresent auroral
emisgons at both magnetic polesand emisson at the foot of the o Flux Tube (IFT). The
|atterappears as an isolated, sub-arcsecond spot which moves acrosslupiter's disc in concert with
the orbital motion d 10; it isexcited by the dedrodynamic interaction d Jupiter's magneticfield
with 1o. June 1995and July 1995NSFCAM images capturedlo’'s sgnature in bah pdar regions



with greatly improved spatialand time resolution. Emisgon extending well downstream (60
degrees)of the IFT foatprint along 10's L shell can be seen in the southernhemisphere. High time
resolutionimagery of the IFT footprint,conducted in 1995and 1996 s used to further our
understandingof the dedromagnetic interaction ketween Jupiter and lo. A caa ogof observed
surface locations of the IFT footprint is being assembledand wsed to refine models of Jupiter's
magnetic field.

Hs" Aurorae. T. Satoh and coll eagues). Conrerney, and R. Baron (U Hawaii) use NSFCAM
infrared imagesof Jupiter to model the distribution d Jovian Hz emissonsin the auroral regions
and to monitor the dynamic stateof the Jovian magnetosphere. A linearized inverse methodis
usedto extrad an emisson model from many images of the airora, oltainedat different Central
Meridian Longitudes. Evidence is foundforenhanced emissons at longitudes marked by wegker
surface magneticfield magnitudes, and there gopeasto be alocd time enhancementin emissons
poleward o the auroral oval in the dusk sector.The auroral intensity has two principal
comporents of time variabili ty:a short-term variabili ty (days) which correlates well with thesolar
wind ram presaure ariving at Jupiter, and alonger-termvariabili ty (months) which is believed to
be related to the energizationand transport of magnetospheric plasmain Jupiter's
magnetosphere.A continued program of observation d the aurorais condictedto monitor the
state of the magnetosphere in suppat of the Galil eoMisson.

Magretic Field. J. Conrerney, M. Acufia, and N. NesgBartol) have obtained a spherical
harmonic model of Jupiter'smagnetic field from the Ulysses magnetic field observations.
Themagnetic field in the Jovian magnetosphere was represented usingathird degree and ader
spherica harmonic expansion for theplanetary (internal) field, and an explicit model of the
magnetodiscfor the field (external) dueto dstributed currents (e.g., ringcurrents). The model was
obtained by partial solution d the underdeterminedinverse problem using generalized inverse
techniques. The moddfits the Ulysses fluxgate magnetometer observations well, withaRMS
residual that is comfortably lessthan the estimated errorof the measurement. Dipole, quadrupde,
and a subset of the octupdeaoefficients were determined and foundto compare reasonably
wellwith those obtained from the earlier Voyager and Pioneer encourters.The model requires a
lessintense magnetodisc aurrent in early1992compared with that observed duing the Voyager 1
encourterin 1979and the Pionee 11 encourters of 1973and 1974.

Jovian Decametric Radio Emisson.The Wind/WAV ES experiment (M. Kaiser, Pl) provides
surprisinglygood olservations of Jupiter's decametric (DAM) radio emissonsinthe2to 14MHz
band. It isin this band that (a) Jupiter hasits pe&k spedral flux, (b) the organization & DAM asa
functiond Jovian central meridian longitude seem to stop, (¢) hectometerwavelength emissons
from high abowve the auroral zones ans toreach afrequency above which they ceae to exist,
and (d) thereis a pdarization transition from predominantly right hand athigher frequencies to at
least equal right and left. WAV ES iscurrently making DAM observation from very low
Jovigraphic latitudesnat probed by the Voyager spaceaaft. Emisgons from Jupiter'southern
auroral region daninate the WAV ES data to dete.

Galil eo Radio Observations. F. M. Flasar and P. J. Schinderwith colleagues D. P. Hinson
(Stanford) and A. Kliore (JPL) haveanayzed the data from the first Galil eo radio-occultation
experimentof Jupiter, using the spacecraft's low-gain antenna. They haveretrieved vertical
profiles of electron density that attest tothe extreme heterogeneity of Jupiter'sionacsphere. At
ingress(24° S, nea the evening terminator) they have identifiedsevera density pe&s. The



topmost is located 900 kn abowve thel-bar level, has a maximum density of 10105 cm-3,and a
full width at half maximum of 200 km. That at egress(43°S, nea the morning terminator) is
lower, at 2000 kn altitude,weaker, having a peak density of 200104 cm-3,and much broader, with
width ~1000 kn. Comparison with previousoccultations by Jupiter of Voyager and Pioneer
spacecraft indicatesno clear correlation with time of day or solar cycle. The Galil eoegress
locaionis proximate to the latitude of the SL-9 cometimpads, and the residual debris from these
may acourt for thelower density observed. Below the main broad pe&k at the Galil ecingress
locaion, two thin eledron density layers have been identifiedin the retrievals, with vertica
separation 80 km and verticdwidths <50 km. They may be evidenceof electronandion
motionsthat are forced by gravity waves propagating from lower altitudesand that are cnstrained
by Jupiter's magnetic field, analogousto the sporadic-E layers in Earth'sionasphere.

Wave Propagdion. M. Reiner and J. D. Menietti (lowa) competedthe first ray tracing cdculation
that uses asinpu the measuredarrival diredion d the Jovian hecdometric (HOM) radio
emisgon.The results demonstrate that wave refradion die to the lo torusand the magnetic field
can significantly influence the HOM sourcdocation.

Jupiter Waves. R. Achterberg, F. M. Flasar, and B. Conrathhave continued their search for
thermal wavesin Voyager IRISdata. For Jupiter, they find a strong signature of awave in
theupper tropasphere with zonal wavenumber 1, whose anplitude varieswith latitude on the
scde of Jupiter'szona currents, and whichappeasto be nealy stationary with respect to the
System Il llongitudes. Surprisingly, the zonal phase of this wave remainsnealy constant with
latitude, except for a~180° plase shiftwhen the latitudes of the Gred Red Spot are traversed. As
theSpat itself isnealy stationary in System 11, this behaviorsuggests that it may be resporsible
for forcing the observed wave.

Titan

Supersaturated Methane. Using Voyager 1 IRIS spectra, R.Samuelson and N. Nath have
completed a study of the supersaturationd methane in Titan's atmosphere. The maximum
degrees of supersaturationin the upper troposphere gpear to range from abou 1.6 at lowlatitudes
to 1.3 o so at high latitudes, and the correspondngmethane mole fractions nea the surface ae
abou 0.06and 0.02respectively. These results are ansistent with predictions froma steady-state
methane condensation model developed by R. Samuelsonand L. Mayo, after modification for
seasona variations. Thismodificaionis compatible with ancther study by Samuelson andMayo,
which indicates that the observed condensate/vapor ratioof C4N, in Titan's north pdar hoodis
atleast two orders of magnitude larger than that predicted fromsteady-state theory, unesscyclic
seasonal effects areincluded.A logicd consequence of these studiesisthat liquid ethane maybe
more concentrated at the surface(or in surfaceregolith) inpdar regions than at low latitudes.

Globd Zond Winds. T. Kostiuk, D. Buhl, K. Fast,and T. Livengood d the LEP with coll eagues
J. Goldstein,T. Hewagama, and K. Ro (National Air and Space Museum)observed Titan in
October 1995and in September 1996 wsing theGSFC Infrared Heterodyne Spedrometer (IRHS)
at the NASA InfraredTelescope Fadlity on Mauna Kea Hawaii. Using the IRHS's
frequencysensiti vity of approximately one part in 108,these observationsattempt to determine
the diredion and magnitude of Titan's globalzonal wind flow by comparing the frequency
retrieved for knownl12pum transitions of the éhane moleaule onthe eat andwest limbs of Titan.
Initial results obtained from these and aprevious run are nsistent with prograde zonal winds of



~100m/s.Improved analyticd software is under development to reduce thesedata more
acarately, and improved source tradking and laser-stabili zationherdware ae being developed to
suppat future observations. TheCassni Huygens Probe team has been kept apprised of this
projedfor its relevance to planning the Huygens Probe misson. Ethaneagbundancein Titan's
stratosphere is aso determined in thesemeasurements, and hes been foundto dffer from
Voyager results.

Neptune

W. Maguire continued hisresearch onthe amospheric compositiond the outer planets. He
previously identified a new constituentin the Neptune amosphere, dicyanoacetylene (C4N,).He
isnow modeling its IR spedrum in the 25 umregionto determine its abundancein Neptune's
atmosphere.

Mars

Many LEP members areinvalved in future Mars missons; these dfortsare described in Sedion
V1 below.

Comets

T. Kostiuk and T. Livengood have initi ated a aoperativeprogram of cometary research with

C. Lis® and coll eaguesat University of Maryland, to study mid-infrared emisson fromcomets
anditsrelationship to ather observed phenomena. Mid-infraredsources within a cmet include
thermal continuum emisson d dustin the cma, dust in thetail, and the surface of the
nucleus,and passgble moleaular emisgon by speciesin the amma. Mid-infraredmeasurements
offer anew methodto determine acomet's nuclearsize and dmensions from the rotational light
curve, as the observedemisgonflux isdiredly related to the aosssectional aregoresented to the
observer. Initial measurements were made on CometHyakutake in March 1996 uneér the NASA
Infrared Telescope Facili tycampaign. C. Lisse was a member of the Science Team for thelRTF
campaign. He was the Pl on X-ray observations with the ROSATsatellit e and led or participated
in related olservationsin theEUV, visible, and radio regions. The X-ray observations revealedan
extraordinary and urexpededly strong emisson onthe mmet'ssunward side. Results were
pulished in October 1996by the journa Science Observing time has been al ocaed at the
European SouthernObservatory for T. Kostiuk and C. Lisse to make mid-IRimaging observations
of comet Hale-Boppin November 1996,andat the NASA IRTF for mid-IR imaging in February
1997.

Comet Shoemaker-Levy 9

D. Deming and J. Harrington are conducting a balli stic and radiativehydrodynamic smulation o
the plume infall from the lli sond comet Shoemaker-Levy 9 with Jupiter. It is currently
believedthat fall-badk of the plume geda produced large shock-heatingof the upper atmosphere
over an extended region onJupiter. Thisheaing was resporsible for the very bright infrared
emissonseen by terrestrial observers and referred to as the "mainevent.” A balli stic "toy plume"
model is used byHarringtonto define the spatial distribution d the infalli ngplume massand
momentum. The freeparameters of the toy plumeare aljusted to maximize the agreement with
HST observations ofthe plumes on the limb and the debris crescent on the Jovian dsk.The

balli stic computations are then used by Deming as input fora series of 1-D radiative-



hydrodynamic computations of the amosphericresporse & eadch pant of the plumeinfall. The
radiative anissonfrom each pant is gatialy integrated to yield a synthetic lightcurve for
comparison to olservations. This comparison indicaesthat the series of secondary maxima
foll owing the main peak ofthe light curve is produced by arebound("bource")of the infalli ng
plume material and the upper atmospheric layers.Both the anplitude, andto alessr extent the
period, d thisbourceare influenced by the opadty of the plume material becauseof radiative
damping. These calculations aso define the heightprofil es of the amospheric heding at each
point, and could beused asinpu for analysis of infrared spedraof this event.

I . ASTROCHEMISTRY

Circumstellar andInterstellar Chemistry. Using ultravioletspedrographs aboard the Hublde
SpaceTelescope, R. Glinski andcoworkers observed the spin-forbidden Cameron Bands of CO
as well as the spin-all owed Fourth Positive system in the Red Redanglenebula. These results
suggest that a dharged-particle impad mechanismis responsible for the excitation o the CO
(a3 ) state mmmonto bah systems. R. Glinski and J. Nuth demonstrated that thehomonuclea
diatomic moleaulesandions of H, N, O and C foundn dffuse doudenvironments will display
highly non-Boltzmann(essentially flat) vibrational -state distributions and that insome instances
(e.g. Ho/H,+) the absolutesbundances in excited vibrational levels (v=1-5) of themoleaular ion
approadch abundances in the equivalent neutral state. This could be very significant in derivations
of moleaular abundancesbased on olservations of only asingle vibrational level.

G. Kraus, J. Nuth, and R. Nelson measured the infrared spedraof a wide range of commercialy
avail able samples of SiS,for comparisonwith observations of stell ar spectra displayinga 21
micron emisgonfedure but that are not known to be oxygenrich. All samples display feauresin
the 17-18 and 2621 micronregions as well as grong individual bands from 7-13 microns
thatmight serve & additional observational parameters to confirm/refutethe hypothesisthat SIS,
isresporsible for the observed21 micronfedure in dust shell s aroundsome oxygen
deficientproto-planetary stars. Preliminary measurements of the rate awhich the infrared spedra
of amorphous sli cate smokes (analogousto condensates around xygen-rich stars) change & a
functiond temperature gpear to indicae that magnesium sili cates annedmuch more rapidly
than doiron sili caes. experimentsto quantifythis difference ae airrently in progress Foll ow-up
studies of previously reported experiments that demonstrated that volatil egases condensing on
amorphots sli cate grains at temperaturesas low as 20K form crystalli ne soli ds rather than
amorphots iceshave shown that this effed only occurs when the sili cates areprepared in a
hydrogen-rich atmosphere, despite the fad thatthe size distribution and infrared spedra of grains
formed ina helium-rich atmosphere gpear to beidentical in al respects.Additional studies of
these materials arein progress

Outer Planets and Saellit es of Jupiter, Saurn andTitanL. Stief, W. Payne, F. Neshitt (Coppn
State), P. Monks, R. Thornand D. Tardy (U. lowa) have measured rate constants and
productyields for readions of the vinyl radicd C,Hs.The C,H3 radicd is one of the most
abuncantC, radicd spedesin phdochemicd models of the amospheresof the outer planets and
satellit es. The reaction N+C,Hsis important as a potential source of prebiotic moleaules
containingthe C=N groupin the amospheres of Titan, Neptune axd Triton.The present work
represents the first experimental study of theN+C,H3 readion. The readionis rapid,as expeded
for an atom-radical reaction, and accurs at abouone-half therigid sphere wllisionrate. Three



readion channelswere observed: N+C,Hs-> C,H3+NH(IM'=0.16), Co,H,N+H(IM'=0.80) and
C,H3N(IM'=0.04) where I'represents the fractiona yield of eadch readion channel.The lowest
energy isomers of C,H,N and C,H3Nare the CH,CN radicd and the CH3;CN
moleaulerespedively. The CH3CN moleaule was recently detededfor the first time in the
atmosphere of Titan. The readion C,H3+C,Hsisaminor lossprocessfor C,Hs in ouerplanetary
atmospheres but amgjor side readionin planned laboratorystudies of the reaction
CH3+C,Hawhich is one of the most important CoHazreadionsin ouer planet atmospheres. The
present work representsthe first study of the C,Hz+C,Hsreadion at low presaures appropriate for
atmospheric chemistry.The readionwas iown to occur at the rigid sphere alli sionrate limit,
consistent with higher presaure studies. However,the adduct moleaule C4Hg(1,3-
butadiene),which is the mgor product at higher presaure, was not observedat all ('<0.01) in the
low presaureexperiments. Theyield I' of the dhannel2C;H3 -> C,H+CoH was unity. Thus C4Hg
isnot expeded tobe aproduct of C,H3 chemistry in ouerplanet atmospheres. A quantitative
study of the rate and productsof the reaction CH3+C,H3 is nowunderway.

Construction haes been completed ona system designed to measurethe thermodynamic properties
of pure substances and mixtures atlow temperatures; the goparatus represents the joint eff ort of J.
E. Allen, Jr. and R. N. Nelson (Georgia Southern). The systemis capable of covering over nine
orders of magnitude in presaurefrom a base presaure of 10-7 Torr by combining instruments
whosepresaure ranges overlap. The sample cdl i s conrected to a heliumcryogenic cooler and
temperatures as low as 80 K have been achieved.Care was taken in the design to accurately
acoun for the dfectsof thermal transpiration and aresidual gas analyzer was incorporatedbath
to monitor sample purity and to follow the evolution d individualspedesin binary and tertiary
mixtures as afunction d temperature.The system is currently being cali brated with propane,
after whichlow-temperature measurements will be made on a series of lighthydrocarbors. These
studies are needed to accurately predict thelocaion and chemicd compasition d the various
cloudlayersin the amospheres of the giant planets.

Cosmic Ices. Laboratory studies of the infrared spectralproperties of cosmic ices before and after
protonirradiationare conducted using a unique set-up designed specificdly forthe ion
bombardment of thin films of low temperature ices. Thefocus of these investigationsisto
understand physicd-chemicaland radiation-chemicd processes and identify productsin
irradiatedicy materials thought to exist in cometary ices, in interstellaricy grain mantles, andin
some caes on the surfaces of icy satellites.M. H. Moore and R. L. Hudson (Eckerd Coll ege)
have completed irradiationstudies of both H,O+CH,, and H,O+C,H; ice mixtures. In the
H,O+CHoaice the formation d C,H; at the expenseof CH,4 resultsin a CoHg: CHyratio between
0.3to 0.03 apending theinitial CH4concentration. In the H,O+C,Hsice, the formation o C,H,
and C;H,,by H-atom addition reactions is observed. A C;Hg:CoHoratio of ~0.8is obtained. Other
moleaulesidentified in bahmixtures include methanad, ethanal, acea dehyde, and
formaldehyde.Analysis of the entire data set is currently in progress Resultsare diredly
applicable to understanding the C;Hg:CHyratio foundin Comet Hyakutake of abou 0.6 and can
beused to suggest new observations of future comets.

Condtionsin the Primitive Sdar Nebula. Karner and coworkerscompleted a study of the
properties of particulates produced viavapor-phase condensation foll owing li ghtning-induced
vaporizationd magnetite and alumino-sili cae glassthat may have some parall elsto the
production d chondulesin the primitive solar nebula. The samples contained bah crystalli ne



and glassy materia whil ethe chemical compasiti ons of the phases were consistent with
predictionsbased oneutedics in the equili brium Fe-Al-Si phase diagram,thusindicaing a
kineticdly controlled approad to equili briumin this very rapidly evolving chemical system.
Studies of theremnant magnetization d the samplesisin progress A relatedstudy of shock-
induced magnetization in fine-particle iron suchas that foundin meteoritic chondules has been
completed anddeli neates the information (shock strength, ambient magnetic field,etc.) that might
be extraded from magnetic measurements of suchparticles.

X-ray and Gamme-ray Measurements of Sdid Bodies. Duringthe cdibration d the x-ray solar
monitor (J. Trombka, P.I.)of the NEAR spaceaaft (see below), anumber of solar flares
occurred.The two solar monitor detedors, a solid state PIN detector anda proportional courter
measured line and continuumemissons during both quet sun and flare periods. Temperaturesand
emisgon measures were inferred and dscrepancies with temperaturesinferred from the GOES
data for the same time period were noted.A detail ed dscusson d the measurements and the
discrepancieshave been carried ou and submitted for pubdicaion.

Terrestrial research. On a per atom basis, bromine is considerablymore destructive of
stratospheric ozone than is chlorine. Whil ethere have been several studies of the readion OH +
CIO, thereae norefor the related readion OH + BrO which isimportantin the parititi oning of
stratospheric bromine. The first experimentalmeasurement of the rate cnstant for the readion
OH+BrO->Br+HO,was made by D. Bogan and coworkers. The readion was foundtooccur at
one-half the limiti ng colli sionrate andis me seventimes larger than an estimate in awidely
used data compil ationfor modeli ng stratospheric chemistry. The magnitude of the rateconstant,
although previously unexpeded, was shown to be supportedby theoreticd considerations.

Aninfrared sunphdometer that covers the spedral range from1.2to 4.5microns has been

devel oped to measure trace @mosphericgases and aerosols by J. Allen, Jr., in coll aboration with
R.Nelson (Georgia Southern) and R. Halthore (Brookhaven). A circularvariablefilter is used for
spedral tuning andthe signal is detected with athermoeledricdly cooled short-

wavel engthmercury cadmium tell uride detedor that spans the range from 1to 5microns,
suntradking is achieved with a portable egquatorialmourt. The instrument was field tested in late
September at theNational Solar Observatory in Sunspot, NM. Although the data aestill being
analyzed, preliminary spectral plots are naticeablydifferent than those obtained at GSFC. Besides
the obvious differencan water vapor concentrations, there gppea to be variations inother

spedral feaures which may reflect differencesin the doundancesof other trace gases

In a continuing effort to understand the magnetic anomali es detededby POGO and MagSat, P.
Wasilewski and R. Warner completed studiesto magnetically charaderize subduction zone mafic
xendlit hs fromJapan and the Aleutian Islands, whil e Wasil ewski and K. Nazarovacompleted a
study of the magnetic petrology of Harzburgites fromthe Islas Orcas fradure zone. These studies
are amed at determiningspecific metamorphic changes that occur during subduction andthat
result in amagnetic boundry layer at the Mohaivicic Discontinuity.

Gas-Phase Spectroscopy. D. Reuter, J. M. Sirota, J. Hillmanand D. Jennings condtct high-
resolution laboratory infrared spedroscopyof gaseous moleaular spedes. The reseach focuses
primarily onmolecules of planetary and astrophysicd interest, and suppatsNASA flight missons
in bah these aeas. The work also suppatsgroundbased astronamy and terrestrial atmospheric
studies. Particularemphasisis placed on oltaining reli able intensiti es, self- andforeign-gas



presaure broadening coefficients and line-mixing effeds. The group aso measures tunable diode
laser (TDL) and Fouriertransform (FTS) spedra & wavelengths greater than 10um.Supporting
laboratory measurements are scarcefor these wavelengths,but are aucia for the analysis of data
from upcoming spacemissonsaich as Cassni, where CIRS will obtain spedra of Saturn
andTitan from 7 to 1000um. Recent activiti esof the group rave included oltaining and/or
analyzing spedraldata for excited state and fundemental transitionsin H,, *C**CHg, CoH4,CoHo,
N20O, CO,, C3Hy(bath the methylacetylene and al ene isomers) and HNOs. This recent work has
been carried ou in coll aboration with W.E. Blass(U Tenn), J. M. Frye (Howard), J. W. C. Johrs
(NRC,Canada), A. Perrin (C.N.R.S., Paris), D. W. Steyert (Wabash College),and L. L. Strow
(UMBC). These measurements have drealy impacedplanetary studies. For example, the v12'3C
ethane (**C'?CHeg)intensiti es have been used in conjunction with ground-based observationsto
infer an esentially terrestrial **C/**Cratio onJupiter and Saturn, whil e the intensiti es of the
ethylene(C;H,) transitions have been used to oltainconcentrations of this pedesin the upper
atmosphere of Saturn.The low temperature line intensity and self- and ntrogen
broadenedmeasurements of the v9 band d all enenear 28um are the first such measurementsof
this band, and are anong the longest wavelength TDL data everobtained. The parameters
obtained from these experiments are crucialto the proper interpretation d the upcoming CIRS
measurementsof the amosphere of Titan.

IV.SUN-EARTH CONNECTIONS

Heliospheric Physics

Interplanetary Field Sructure. M. Reiner, J. Fainbergand R. G. Stone used the unique locaion
of Ulysses over the southpde of the sunto demonstrate unequivocdly that interplanetarytype Il
radio buststrgjedories follow the spiral structureof the magnetic fields that thread through the
interplanetaryspace The unique relative locaions WIND and Ulysses have permittedM. Reiner,
M. Kaiser, J. Fainberg and R. Stoneto oltain the first3-D trgjectory of atypelll radio burst in
the heli osphere usingtwo spacecraft triangulation. Several intrinsic properties ofthe
interplanetary medium and d the radio source @uld be derivedfrom these measurements. The
measured local plasma density wasfoundto be mnsistent with a density law previously derived
withdata from the Radio Astronamy Explorer (RAE). The dectron exciterspeed was deduced
from the measured frequency drift rate and theintrinsic brightnesstemperature and beaming
characteristics ofthe radio sourcewere dso derived from these unique data. Studiesare underway
that combine WIND/Ulysses observations of local enhancementsin type Il | radio emisson that
occurred at the time the WINDspacecraft was inside amagnetic doud.

Magretic Clouds: Magnetic douds are interplanetary fluxropes from the Sun characterized by
strong magnetic fields, asmoaoth rotation o the magnetic field drection and low
protontemperatures. A magnetic doudwas identified in red time byL. Burlagain the
magnetometer data from the WIND spacecraft onthe period Oct. 18, 1995News of this event
was posted ontheWorld Wide Web, and a number of geomagnetic events were
predicted,including unusual aurora, which were observed.

A plasma depletion layer was observed just in front of magneticdouds by C. Farrugia (UNH)
and LEP coll eagues, and atheory explainingthe existenceof this layer was puldished by N.
Erkaev and coworkers. An MHD model describing observed cloudrotation was constructedby C.



Farrugia, V. Osherovich and L. Burlaga. The work of C. Farrugia, V. Osherovich and L. Burlaga
showed that the spheromak model sof magnetic douds have serious hortcomings.

L. Burlaga, R. Lepping, K. Ogilvie, A. Szabo, and coll eagues,in coll aboration with A. Lazarus
and J. Steinberg (MIT) and C.Farrugia and L. Janoo (bath at UNH), conduwcted a study of thewell
known October 18 - 20, 1995 nterplanetary magnetic doudand stream events, which occurred in
interval #1 d the FirsttACG Science Campaign. They concentrated onthe in-situ propertiesof
the event and have started an in depth study of the doud'seffeds on the Earth's magnetosphere.
They were ale to modelthe magnetic doudas aforcefreeflux rope of diameter 0.27AU. Its axis
was estimated to be nearly perpendicular to the Earth-Sunline and close to the ecliptic plane, nat
an urcommon attitudefor these structures when olserved at 1 AU in the ediptic plane.The
boundhries of the doudand an upstrean shock, which occurredabout 8 hous earlier than the
front boundary of the doud,weredl studied in detail and shown to bein attitudinal
agreementwith the ais of the doud.An abrupt fedure internal to thedoud, appearing shock-like
in most but nat all respeds and havingan unwsual surface normal far off the Earth-Sunline, has
beenexamined; only preliminary conclusions can be given presentlyconcerning its true nature
and aigin, which are still under consideration.

R. Lepping, A. Szabo, K. Ogilvie, and R. Fitzenreiter, in coll aborationwith A. Lazarus and J.
Steinberg (MIT), have examined characteristicsof the Earth's bow shock resulting from its
interadion with thelarge interplanetary magnetic doud d February 8, 1995.The doudwas first
observed at WIND far upstream of the Earth, and thenby IMP-8 about 1 hou later which was
locaed fortuitously atthe bow shock, which became unusually inflated at the time. Thebow
shock was estimated to reach at least 32 Re atits nose, and was observed dredly to reach 39
Reon the dusk flank. The study, requiring very careful estimationsof the bow shock surface
normal for the shock's numerous |MP-8measurements, reveded that the bow shock tended to
expand aimost'isotropicadly’ asthe doudpasses. The expansion was apparentlydue to many
fadorsincluding the high Alfvén speal andlow Alfvén Mach number occurring during the doud

passage.

A tedhnique used to study the properties of interplanetary magneticdouds as force-freemagnetic
field flux ropes was recently extendedby R. Lepping, J. Slavin, M. Hesse, and A. Szabo to study
structurallysimilar flux ropes in the magnetotail; these ae smaller, however,by afactor of abou
600 onaverage. These magnetotail flux ropes,sometimes know as tail plasmoids, were examined
by R. Lepping,D. Fairfield, J. Slavin, and A. Szabo in two independent studiesusing ISTP-
GEOTAIL and ISEE-3 tail data. Comparison d the resultsof these studies snowed many

simil arities and afew differencesin the flux rope sizes and their attitudes: from the latest
study,ISEE-3, it was foundthat flux rope axes are spread considerablyin drection, bu have a
slight tendency to be digned "crosstail ."An ealier, GEOTAIL, study showed similar results but
over-emphasizedthe aosstail tendency, probably becaise of the small er dataset utili zed.

The magnetic field structure within a doud can be quite ammplex.Severa diagnostics have been
developed to determine whether ornat these douds are magneticdly conneded to the crona.
Withina doudthere ae sometimes regions within which the dectronhea flux is bi-diredional,
suggesting that both ends of themagnetic field are still topdogicdly conneded to the
solarcorona. A recent analysis of amagnetic doud olserved by theWIND spacecraft (M.
Goldstein, A. Roberts) indicaes that whena bi-diredional hea flux is present, the Alfvén
wavesare dso propagating bah upand davn the flux tube.



Heliospheric Current Sted. R. Lepping, A. Szabo, and M.Peredo, in collaboration with T.
Hoeksema (Stanford), analyzedWIND magnetic field data for the first six months after launchof
the spacecraft, in order to better understand the propertiesof the heliospheric aurrent sheet
(HCS), the occasionally surroundngplasma shed, and to look for atemporal connedion d the
HCSto the solar surface aurrent shed using a potentia field sourcesurfacemodel, for this quiet
phase of the solar cycle. A largenumber of carefully selected HCS crossngs, 212,were used
inthe study which showed a nearly periodic occurrence of this gructurein the early portionand a
smoath evolution from 2 to 4 sedorstructure dter afew months. Also it was determined that
whenthe plasma sheet's presenceis most apparent, the directionaldiscontinuity in the magnetic
field encompassng the thin regiond the arrent shed appearsto be more drupt than in ather
cases.Comparison d the results of the source surface model to the insitu WIND magnetic field
observations for this rather largedata set enabled the team to better estimate the time delay ofthis
structure over 1 AU. There resulted a surprising 'disagreement'or bias of 1 day, based onsolar
wind conveded speal only. Thereis a possbili ty that the moderately slow average solar wind
speednear the sun, due to acceleration over abou 20 Rs,from very slow speeds at the source
surface, could be resporsible.By incorporating thistemporal bias the agreement between thetwo
pasitions was very goodfor the full six months. Numerousother properties of the HCS, and
preliminarily for the plasmasheet, were determined. A very intriguing one is the existenceof
apparent wave-li ke structures on the HCS with scae-lengthsof about afew times 10°km; other
interpretationsfor these new findings are possble and being pursued.

Interstellar Pickup Protons: Neutral particles enter theheli osphere from the interstell ar medium
and areionized to produce"pickup protons”. These have been identified dredlyin the Ulysses
data & 5 AU, where the presaure of pickup protonsis negligible. L Burlaga & al. presented
indired evidence thatpickup protons are present at 30 AU, where their presaure grealyexceeds
that of the solar wind and is comparabl e to the presaureof the magnetic field. This result was
extended by L. Burlaga,N. Ness(Bartol) and J. Belcher (MIT) who showed that the pickupproton
presaureis greder than that of the magnetic field andsolar wind rear 30 AU. They inferred that
pickup protons haveamajor effed onthe dynamicd processesin the distant heli osphereand must
be included in models of the interadion between thesolar wind and the interstellar medium. Y. C.
Whang (Cathdlic),L. Burlaga, and N. Ness(Bartol) developed a sphericdly symmetricmodel of
the interadion between the solar wind and the ISM thatpredicts presaure variations of the pickup
protons, magnetic field,and solar wind protons that are consistent with the observations.

Merged Interaction Regions: Merged interadion regions(MIRs) are regions previously identified
by L. Burlaga and F.McDonald (UMCP) in which the interplanetary magnetic field isunusually
strong as the result of the malescence of interadionregions and shocks observed within ~10 AU.
Asreviewed by N. Ness(Bartol) and L. Burlaga, corotating merged interadion regions(CMIRS)
were observed nea 14 AU during the dedining phase ofthe last solar cycle in association with
reaurrent coronal holes.L. Burlaga, N. Nessand J. Belcher (MIT) obtained the surprisingresult
that CMIRs were not observed near 40 AU during the dedi ningphase of the airrent solar cycle.
It islikely that CMIRs aredestroyed between 14AU and 40AU, bu the processby which
thisoccursis not known.

Large-Scale Fluctuations of the Heli ospheric Magnetic Field:L. Burlaga and N. Ness(Bartol)
showed that a multifradal structureof the large-scale magnetic field strength fluctuations
continuedto be observed ou to 0 AU by Voyager 1 at high latitudesabove the sector zone and at



40 AU by Voyager 2 at low latitudeswithin the sedor zone. The spedra of the magnetic field
strengthfluctuations observed during 1994indicate that turbulence persistsout to 40AU, bu
shock-li ke jumps dominate the spedra of thespeed fluctuations, suggesting something analogous
to Burgersturbulence (L. Burlaga, N. Ness and J. Belcher).

Corond hdeboundaies: After examining four years ofdatafrom ICE, K. Ogilvie and M.
Coplan (UMCP) have shown thatthe boundiries of ediptic coronal holes are very sharp,

simil arto those of the polar hales. The dundances of oxygen, neon, andiron were foundto be
closer to phdospheric than to slow solarwind values.

Shak Heating. D. Berdichevsky and coll eagues J. GeisgBern), G. Gloeckler (UMCP), and U.
Mall (U. Michigan) used theU. Maryland-Bern solar wind ion composition spedrometer on
Ulyssesduring itstrip in the ediptic plane to Jupiter to determinethe excessheaing of “He™ and
O"*relativeto H* down- stream of interplanetary shocks(1Ss). Thiswork presents the first
comprehensive result onthedifferential heating, downstream of ISs, of aplasma
constituentspedes other than “He'*. This result canhave important implicaionsin theinput in the
equation d stateof the magnetized interplanetary plasmain magnetohydrodynamic(MHD)
models, aswell asto thelocaion d the heli osphere'stermination-shock.

Radio Wave Observations. R. MadDowall, R. Hess and G.Thejappa pullished a synopsis of the
URAP radio wave observationsthroughou the Ulysses misson with emphasis on the fast
latitudescan interval. The Ulysses trgjectory is uniquely suited for identifyingthe differences
between levels of wave adivity in fast and slowsolar wind. Significant diff erences are observed
for Langmuir,ion-acoustic-like, and whistler waves, which can be used to testcurrent theories of
the generation and evolution d these waves.

Waves Near Shaks. URAP has al'so provided important resultsrelating to waves in the vicinity
of interplanetary shocks. D.Lengyel-Frey, G. Thejappa, R. Madowall, and R. Stone
analyzedwave data upstream and davnstream of 42 shocks and concluded thatthe Langmuir and
ion-aooustic-li ke wave intensiti es were sufficientto explain bah fundamental and harmonic radio
emisgon by a walescencemedhanism. G. Thejappa, R. MacDowall, and R. Stone discoverediow
frequency electric fields in the vicinity of interplanetaryshocks, particularly at high heliographic
latitudes. D. Lengyel-Frey,R. Hess R. MadDowall, and R. Stone demonstrated that whistlerwave
intensities in the solar wind are strongly correlated withmagnetic field amplitude and are
routinely observed by Ulysseswhen the predicted signal level exceads the instrumental
badkgroundThese waves are likely to pay asignificant role in the regulationd the solar wind
hea flux.

Magretic Holes. R. MadDowall, N. Lin (U Minn), and P.Kellogg (U Minn.) reported the
discovery that magnetic "holes"-abruptdecreases in the interplanetary magnetic field magnitude-
are popuatedby avariety of wave modes. In particular, these structures arefrequently the reason
for observations of Langmuir waves in theinterplanetary medium. Prior to this discovery, the
presence of Langmuir waves was assumed to be an indication d a solar transient.Foll owing up on
the Ulysses discovery, R. MacDowall, R. Fitzenreiter,K Ogilvie, and R. Lepping used Wind
spacecraft datato confirmthat eledron beams existed in and rea the magnetic holes.

Terrestrial Low-frequency (LF) Radio Bursts. The Wind/WAYV ES experiment (M. L. Kaiser, Pl)
has made detail edobservations of alittl e-known by quite cmmmon comporent of Earth'snatural



radio spedrum. This comporent, cdl LF bursts, isreminiscentof type Il | solar bursts but ona
vastly faster time scde. TheyLF bursts are dso qute similar to a comporent of Jupiter's
radiospedrum known as Jovian "type II1" or QP (quasi-periodic)bursts. Theterrestrial LF bursts
have now been observed smultaneouslyby WAV ES and the radio experiments on Geotail and
Polar. The burstsare dso assciated with a unique signature in groundbased magnetogramsand
are strongly correlated with period d high solar wind velocity.With the large data base now
avail able with the ISTP spaceaaft,we beli eve the source and cause of these LF bursts will be
determinedin the near future.

Plasma Radiation. M. Reiner, M. Kaiser, M. Desch, J. Fainbergand R. Stone used the unique
WIND radio dredionfinding capabiliti esto study the origin of the terrestrial 2fp radio emisson.
Byusing an interplanetary shock as a diagnostic, they were aleto locate the radio source and
determine that it extended somel00RE in the downstrean wing of the dedron foreshock
region.The WIND diredion finding analyses of terrestrial 2fp radio emissonwere wmbined with
similar analyses from Geotall to oltain thefirst 3-D sourcelocation viatwo spacecraft
triangulation. Thismethodis being used by M. Reiner, M. Kaiser, Y. Kasaba (RASC,Kyoto), H.
Matsumoto (RASC, Kyoto), and | Nagano (Kanazawa) tostudy the dynamica behavior of the
foreshock regionin responseto changes in orientation d the interplanetary magnetic field.

Observations of Sdar Wind Turbulence Solar winddata, acaimulated over threedecades, nowv
samples regions from0.3to more than 40 Astronamicd Units (AU). Analyses undertakenby D.
A. Roberts and M. Goldstein of magnetic field and dasmadata from the high heliographic
latitude passof the Ulysses gacecraftindicate that the evolution d the plasma fluctuations with
latitudeand dstanceare in accord with predictions and expedations derivedfrom Helios, ISEE,
and Voyager data and a variety of numericdexperiments. The fast solar wind at high latitudes
evolves moreslowly than daes the highly striated and complex flows that originated low
latitudes nea the stream belt. The Ulysses data dso confirmsthe suggestion from Heli os analyses
that the spedrum of turbulencein the wrona has areatively flat power-law index and that

theK olmogoroff- li ke spectral shape observed at relatively greaterheli ocentric distances and at
relatively high wave numbers refledsthe evolution and development of magnetohydrodynamic
(MHD) turbulence Some apeds of these observations have been modeled numericdlyby S.
Ghash, D. A. Roberts, and M. Goldstein. Ulysses data hasal so aff orded a unique opportunity to
look for systematic periodicitiesin the data and D. A. Roberts and M. Goldstein have found
evidencea 34 day period charaderistic of the phaospheric rotation ratein the high-latitude
plasma and magnetic field data.

MHD Smulations of Heli ospheric Phenomena. The Laboratorywas successul in oltaining two
grantsunder NASA's Space PhysicsTheory Program (T. Birmingham, Projed Scientist). One
(PI, M.Goldstein) uses a variety of simulation methods to study heli osphericphenomena
including the role of wavesin accderating and heatingcoronal plasma (E. Siregar) and the
evolution d turbulenceinthe presence of conveded structures (A. Roberts, S. Ghash,
M.Goldstein). The enphasisisontrying to model the fluid behaviorof the solar wind, gimarily
by solving the ammpressble and incompressbleMHD equations dimensions (A. Roberts, M.
Goldstein, S. Ghosh,E. Siregar, and A. Deane),. More detail ed studies, however, usehybrid (fluid
eledrons and kinetic protons), fully kinetic simulationsdescription (A. Figueroa-Vifias), and
dired solution dthe Vlasov-Maxwell equations (A. Klimas) to understand processeswhich occur
ontime and length scales that cannat be resolvedin the fluid description. These situations have



resulted in increasinglymore accurate descriptions of the physica processes which
characterizethe solar wind.

Theoretical Sudies of Sdar Wind Turbulence A new codeusing a Flux Correded Transport
algorithm is being modified toinclude the sphericd expansion d the solar wind. The
presentversion of the mde has been used to produces high resolutioncompressve solutions of the
interadion o fast and slow flowacrossa velocity shea layer as the supersonic magnetofiuid
convedsdown atube (A. Deane, D. A. Roberts, M. Goldstein). Another areaof emphasis has
been to understand how solar wind turbulence disgpates(S. Ghosh, E. Siregar). One gproach
has been to generalize theMHD equations to include finite Larmor radius corrections (S.Ghosh,
E. Siregar, M. Goldstein). An even more detail ed descriptioninvolves using kinetic theory, in
particular, the evolution dithe ion cyclotron instabili ty, to derive the disgpationtermsused in the
MHD equations (E. Siregar, A. Vifias). Thisprojed involves detail ed comparisons between
Kinetic theory,hybrid simulations, and spedral solutions of the MHD equations.

Shak Accderation. A study of theimportance of the magneticfield in the control of shock
aacelerated particles in Co-rotatinglnteraction Regions is being carried out by K. Ogilvie and
collaboratorswith data from SWICS and LAN instruments. Phase space densiti esfrom these two
instruments cover from ~10eV to 5MeV. Indicaionsare that the magnetic field may be more
important than the spedficentropy.

lonosphere-Ther mosphere-M esosphere

Sulstorm Eledrodynamics. J. Gjerloev, a graduate studentfrom Denmark, and R. Hoffman are
producing the first reali sticempiricd models of eledron predpitation and resulting
ionosphericcondictivity enhancements on the nightside during substorms. Ageneric bulge-type
aurorawas previously deduced from global auroralimages from the Dynamics Explorer 1
satellit e by R. Fujiit whopreviously worked with Hoffman. Each Dynamics Explorer 2 passat low
altitudes was placal into ore of six sedors of this genericaurora based onitslocationthroughthe
adual auroral patternobserved simultaneously by the imager. Using data from 39 suchpasss, the
average dharacteristics of the dedron predpitationhave been oltained. To the west of the auroral
surge and bugeand within the surge, much o the precipitationin the boundiryplasma sheet
region, the most poleward predpitation region, hasthe form of inverted-V's, with the
characteristic energies of afew keV, increasing to above 10 keV into the surge. In the bulgeand
east of the bulge the most energetic predpitation lies inthe more equatorward central plasma
shed region with Maxwelli an-typespectra. However, some of the most intense predpitationin
thesurge shows arather featureless pectrum. Pederson and Hall conductiviti escd culated from
the dedron dstributions reach many 10s of mhason the average, with peak values up to severa
hunded mhos. Theonductivities also dsplay very large gradients. These valuesare many times
larger than previous models derived from radarand groundmagnetometer data which dan't have
the resolution d'the satellit e data. The Hall to Pederson condLctivity ratios aregbout 2 in contrast
to thevaueof 1in previous models. Thesedata will be combined with typical field-aligned
current patternsand ioncspheric convedion petterns previously derived from thesame data set
from the Dynamics Explorer satellit esto produceaself-consistent ionospheric model of the
bulge-type airora,the most typicd type.

lonasphere-Thermosphere Interactions. F. Herrero, in coll aborationwith C. Arduini and G.
Laneve (U Rome), presented the first studyof the propagation d the midnight density maximum



(MDM) in theequatorial thermosphere of the Earth between altit udes of abou200and 400 kn.
The study used the San Marco satellit e data obtainedby the San Marco Projed scientists at the
University of Rome(Arduini and coworkers) with their drag balanceinstrument . Theresults
suppat the mechanism of upward propagation d tidal energyfor the space-time evolution o the
MDM. In addition, strong altitudestructure foundin bah phase and amplitude, suggest viscous
andion-drag interadions that may aff ect the vertical propagationitself with passble refledions of
some of the tidal modes thatdrive the MDM. The MDM, athermospheric feaure that occurs
onmost nights, is believed to be a @nsequence of compressonal (adiabatic) heaing that may
occur in the midnight sedor of theglobe driven by the flow field ariginating in the dayside.
Mostof the heding is expeded to occur in the lower thermospherebelow 200 km, thus giving rise
to temperature and density maximaa higher altitudes. Such a descriptionis that of atidal
phenomenon,diven by solar EUV heating in the dayside and propagating upwardsto ionaspheric
F-region heights, consistent with the San Marcosatellit e data. In coll aboration with Clemson
University, evidencefor orographic wave heaing in the equatorial thermosphere asolar
maximum was foundin the Fabry-Perot interferometer (FPl)airglow (Ol 630 rm) measurements
of Meriwether and Biond. TheFPI measured the nighttime horizontal wind and the
temperaturea F-region heightsjust south of the geomagnetic equator at Arequipa,Perd. The data
reveded thermospheric temperatures overthe Andes mourtains that were 100to 200K higher
than the correspondngtemperatures over the Paafic Ocean. This temperature differencepersisted
throughou the night and was most pronourced in localwinter for moderate to high solar fluxes.
Correlated with thistemperature differencethere was also a sustained differenceinthe zonal
thermospheric wind d 50to 70m/s; the wind movingmost rapidly over the Ocean. The lack of
neutral density datamakesit difficult to estimate the presaure gradient to predictthe observed
wind gradient. Nonethel ess the temperature gradientobserved is comparable to the largest
gradients observed ontheAE-E satellit e, and d the right sign and sufficiently large toslow down
the zonal wind by the observed amount with a modestdensity gradient. Waves generated by
tropaspheric wind as airflows over the Andes are invoked as a possble explanation dthe
observed heating, a hypothesis not inconsistent with tropasphericwind petternsin the region.

Eledron Density Fluctuations. Thereis considerable evidencethat irregularitiesin the dectron
density Ne can be generatedin the diredion perpendicular to the anbient magnetic field Bin
spaceplasmas both by natural processes and during controll edactive experiments. Sincethese
transverse Neirregulariti es aremaintained for long distances along B, they are cdl edfield-aligned
irregularities or FAI. They can easily be detededby radio waves that are ather scatered by them
or are guided(ducted) along them. R. Benson presented evidence suggesting thationaspheric
topside sounders gimulate (or enhance) FAI onaveryshort time scde (<< 1 sec) by the dficient
absorptiond souncer energy viathe ponceromotive force when the plasmal/gyrofrequency ratio
isnealy an integer vaue significantly greaerthan ore. Thus, in additionto providing
information onglobaldistributions of the topside dectron density and on ratural radioemissons,
satellit e-borne ionaspheric sounders can be mnsideredto ad as mohil e ionaspheric heding
fadliti es. Investigationsof such topics using data from the International Satellit es forlonospheric
Studies (ISIS) program in adigital format are nowbemming possble (see
http://nssdc.gsfc.nasa.gov/spacéisis.html).

Mesospheric Observations. In August 1994,the MALTED (MesosphericAnd Lower
Thermospheric Equatorial Dynamics) Program was condwctedfrom the Alcantararocket sitein
northeastern Brazil aspart of the International Guard Rocket Campaign to studyequatorial



dynamics, irregularities and instabiliti es in theionosphere. This ste was sleded because of its
proximity to the geographic(2.3°S) and magnetic (~0.5°S) equators. MALTED was
concernedwith planetary wave moduation d the diurnal tidal amplitude,which exhibits
considerable anplitude variabili ty at equatorialand subtropicd latitudes. The goals were to study
this globalmoduation d the tidal motions where tidal influences on thethermal structure are
maximum, to study the interadion d thesetidal structures with gravity waves and turbulence &
mesopausedtit udes, and to gain a better understanding of dynamic influencesand variabili ty on
the equatorial middie amosphere. Four (twodaytime and two nighttime) identical Nike-Orion
payloads designedto investigate small -scale turbulence and irregulariti es wereaordinated with
twenty meteorologicd falli ng-sphere rocketsdesigned to measure temperature and wind fields
during aten dayperiod. These in situ measurements were @ordinated with olservationsof
global-scde mesospheric motions that were provided by variousground kased radars and the
Upper Atmosphere Research Satellit (UARS) through the CAD RE (Couping and Dynamics of
Regions Equatorial)campaign. The ground-based observatories included the Jicamarcaradar
observatory nea Lima, Peru, and medium frequency (MF) radarsin Hawaii, Christmas Island,
and Adelaide. Since dl four Nike-Orionflights penetrated and owerflew the dedrojet with
apogees nearl25 km, these flights provided additional information abou thed edrodynamics and
irregularities in the equatorial ionasphericE-region, and may provide information onwave
cougding betweenthe mesosphere and the dedrojet. Simultaneous with these flights,the CUPRI
50-MHz radar (Cornell University) provided locd soundngof the dedrojet region. From a study
of eledron density fluctuationsmeasured by rocket probes, indicaions have been foundfor
equatorialmesospheric neutral-atmospheric turbulence between 8590 km. Furthermore,falli ng-
sphere data mwuded with adetail ed study of the tidalmovements, as ascertained from the
meteorologicd rocket data,provide the first evidencefor equatoria gravity wave bre&ingand for
itsimportance a a sourcefor this turbulence

Magnetospheric Physics

Near Magretotail . J. Slavin has been serving as the GeomagneticEnvironment Modeli ng
Program coordinator for the WIND perigeeintervals. These intervals are unique because, in
conjunctionwith Geotall, Interball and the DoD and NOAA geosynchronous satellit es,they all ow
for multi-point observations of the low-latitude nightsidemagnetosphere. In coll aboration with
R.P. Lepping (WIND/MagneticFields Investigation Principal Investigator), D. Fairfield,
A.Szabo, and aher ISTP scientists,. Slavin reported the first observationsof substorm associated
bursty bulk flows and magnetic field dpadarizationextending aaossmore than ten earth radii in
the magnetotaili n the dawn-dusk diredion. The understanding of such plasma dynamicsduring
substormsis a primary objedive of the ISTP program.

Distant Magretotail . J. Slavin , D. Fairfield, and R. Leppinghave cmnducted the first multi-
spaceeraft studies of plasmoidegjedion duing substorms utili zing the magnetic field, dasmaand
energetic particle investigations on-board the IMP 8 and Geotail spaceaaft. As detail ed in a paper
just submitted to the J. Geophys.Res., they have foundseveral intervasin the ISTP data
setswhere theinitial plasmoid g edion can be deteded first at IMP8 (~35 earth radii down the
tall) as a so-call ed traveling compressonregion, and then abou half an hou later a plasmoid was
observedby the Geotail spaceaaft (~200eath radii down thetail). Theseobservations confirm
that large, i.e. severa thousand cubic earthradii, segments of the central magnetotail (i.e., the
plasma shed)become detached during magnetospheric substorms and are gecteddown thetail to



eventually merge with the solar wind. In additi on these observations have dso provided new
insights into number,location and intensity of reconnedion reutral li nes in the magnetosphereand
their roles in the substorm process

Magretic Field Models. N. Tsyganenko, D. Stern, and M.Peredo are working to derive
guantitative relationship betweencondtionsin the solar wind and the @nfiguration d the
Earth'smagnetosphere, based onextensive sets of data from many spacecraftand mathematica
models of principal sources of the geospace magneticfield. During the last year, thefirst version
of the new-generationglobal model of the magnetospheric field was developed by N.
Tsyganenkoand made available to the space physics community onthe WorldWide Web. The
esential fedures of the new model, na presentin al ealier models, are (i) an explicitly defined
boundrywith aredistic shape, whase sizeis controll ed by the presaureof the solar wind, (ii)
interconredion betweean the geomagneticand solar wind magnetic fields, and (iii ) taking into
acounthe ontribution from the large-scad e Birkeland current systems,and (iv) a mntinuows
parameterization d the model by the parametersof the solar wind and the Dst-index. New sets of
spacecraft datawere prepared and added to the existing database for the magnetosphericfield
modeling, including the data of Hawkeye, AMPTE/CCE, andCRRES. This sgnificantly
improves the spatial coverage and isexpeded to result in an increased reli abili ty of future
versionsof the model in the near magnetosphere and dstant polar regions.

Current Disruptions. M. Hesse and J. Birn (LANL) extendedtheir simulations of magnetospheric
dynamicsto include adetail edstudy of magnetotail current disruption. This gudy
demonstratedthat current disruption and magnetic reconnedion are intimatelylinked and part of
the same large scde magnetotail i nstabili ty.Further investigations $howed that flux-rope-like
plasmoids canform from bublde-like plasmoids if thermal contact between theplasma wntained
in the plasmoid and the low-latitude boundarylayer is establi shed by magnetic reconrection.
Ancther study involveda cmmparison between two very different MHD codes in their
applicaionto the tail i nstabili ty problem. The study showed that the resultswere very simil ar,
despite the large difference in methoddogy.Finally, new investigations invaving particle tracing
in self-consistentMHD fields show that ioninjedionsin the inner magnetospherecan be
explained by particle accderation caused by alarge scalemagnetotail i nstabili ty.

Terrestrial Foreshock Observations of the radio emisson at twicethe locd plasma
frequencyemanating from Earth's eledron foreshock areahave been madeby the WAV ES
experiment (M. L. Kaiser, PI) onthe Wind spaceeraft.Simultaneous diredion a arrival
measurements by WAV ES and theGeotall PWI experiment have dl owed usto triangul ate the
sourcedocation d the 2f, emisson for the first time, showingthat the enisson comes from the
leading edge of the foreshockand can be bath upstream and downstream of Earth.

Cusp Model. M. Smith and his collaborator M. LockwoodfromRAL, England have mntinued
development of the pulsating cuspmodel. Recent pullications include amajor articlein Review
of Geophysics.

Current Sred. M. Hese and M. Kuznetsova have extendedtheir 2 1/2 dmensional hybrid code
to include driving eledricfields as are thought to be provided by magnetic reconnectionat the
dayside magnetopause. Results of simulations of the drivenresponrse of the airrent sheet
demonstrate the formation d newthin current sheets within the larger equili brium current
shed.Theionresporse to the driving appears to be best described bya simple density and



temperature enhancement, rather than theformation d significant anisotropies. They also found
that thegoplied eledric field dces not penetrate into the arrent sheddue to finite plasma
compresshility. As aresult, significantion aaceleration was not seen. Further, abourdary layer
onscaeslessthat ion skin depths formed in which Hall electric fieldscause areduction o theion
and strong enhancements of the dedroncurrent density. This result has profoundimpli caions for
locdsubstorm onset. Furthermore, the Hall eledric field may serveas a remote sensing signature
for magnetospheric observations.

lon eccderation. M. Hesse and M. Kuznetsova have dsoperformed afully self-consistent
analysis of ion accel erationmecdhanisms using a hybrid model of magnetic reconrectionin
magnetotail configurations. They have foundthat ions can be acelerated ina variety of fashions.
First, the ensuing reconrection eledricfield accderates ions bath earthward and tailward, thus
explainingthe observed energetic ion beams around pasmoids. Second,itwas foundthat
bourting ions trapped between the dipole magneticfield and an earthward propagating
dipdarization front can al soexperience accderation die to a quasi-Fermi effed. Even
thoughparticle boundary condtions were handled very carefully, particlesignatures taken from
norself-consistent models are present buthidden in the distributions taken from the self-
consistent model. The reasonis that particles originating from various diff erentregions are
intermixed and subjeded to fluctuating eledric andmagnetic fields. Asanext step a newcode
was developed to study in detail the role of thermal versusbulk eledroninertiain colli sionless
disgpation as requiredfor magnetic reconnedion. Analytic scaling shows that for finitedectron
beta thermal effects shoud require aslightly largerscale length that bulk inertia eff ects. The
investigation showsthat reconrection diven by eledron buk flow inertia gopearsto be highly
norstationary whereas thermal anisotropies tend tolead to more laminar recnnection regions.
Finaly, Hese andKuznetsova recently developed afully three-dimensional hybridcode to
generalize our studies.

Low-Dimensiond Dynamics. Nonlinear autoregressve movingaverage filt ers have been shown
to be dfedive predictors ofgeomagnetic activity driven by the solar wind and controll ed bythe
magnetospheric dynamics. These filters are noteworthy because,in additionto their prediction
cgpabiliti es, they are deriveddiredly from the solar wind and geomagnetic adivity datawithno
asumptions on the properties of the magnetospheric dynamics;they are unhiased representations
of the magnetospheric dynamics.They are dso, hovever, impenetrable to physicd

interpretation Recently, A. Klimas and colleagues D. Vassli adisand D. Baker(LASP) have
constructed atransformation d the prediction filtersto low-dimensional noninea dynamical
models that are anenableto physicd interpretation. In effed, they have founda generamethod
for finding, and modeling, suspeded causal relationshipsbetween pairs of otherwise independent
time-series data sets.A generali zation to multivariate analysisis anticipated thatwill enable
finding, and modeling, spatio-temporal relationshipsbetween larger numbers of data sets.

Smulation d the Earth's Eledron Foreshock. Vel ocitydispersion-driven bump-onttail unstable
eledron dasmas are observedin a variety of spatial |ocaions in the magnetosphere and
theheliosphere. They areinvariably an indication d plasma energizationsomewhere onthe
magnetic field li ne threading the observing spacecraft,and can be used to study the properties of
the energization siteand the space between that site and the spaceaaft. The best observedand
most studied example of this phenomenonis Earth's electronforeshock. Remarkably, the
existence of the foreshock is gill withou explanation. According to present plasma physicd



understandingthe foreshock shoud consist of awedk perturbation in the solarwind very close to
the bow-shock; it shoud na exist to tensof eath-radii away from the bow-shock whereit is
observed. Theprimary difficulty in understanding the foreshock is the cougingbetween very
large spatial scales, tens of eath-radii, to verysmall spatial scdes, hundeds to thousands of
meters, which isthought to be resporsible for maintaining the foreshock. A. Klimasand
colleagues R. Fitzenreiter and R. MacDowall are studying thiscouding using a Vlasov pasma
simulation methodthat is designedfor this purpose. Up-shifted and broad-band dowvn-shifted
eledrondasma waves have been foundin the simulation results in conjunctionwith eledron
velocity distributions that are in excdlent agreamentwith those observed onthe ISEE and WIND
spacecraft. Some evidencefor the persistence of the bump-on-tail unstable dedron
distributionshas been foundin the initial simulation results.

Globd Smulations. S. Curtisisthe principal investigatorof anew major grant from the Space
Physics Theory Program. Byperforming cdculations on atime variable, threedimensionalgrid,
unprecalented resolutionis possble for global MHD simulationsof astrophysical systems. The
spedfic astrophysical plasma systemsimulated is the Earth's magnetosphere which has by far the
largestdata base to test theory against data. Future plans call for theincorporation d kinetic
elements into the simulation which will all ow the resolution to extend beyondthe present limits
due tothe graininessof the plasma (severa ion gyroradii) and will permit a detail ed study of
astrophysicd boundxry layer processesthat have been previously inaccessble to global
simulations.The reseach groupis drawn from alocal consortium of universitiesand laboratories,
in addition to Goddard: University of Maryland(Coll ege Park), Johrns Hopkins University
Applied Physics Lab,The Naval Research Laboratory, and George Mason University.

V.SOLAR AND STELL AR RESEARCH

Sdar andLuna Eclipses. F. Espenak and J. Anderson (EnvironmentCanada) pulished a 98
page NASA Reference Publication 1383'Total Solar Ecli pse of 1998February 26". Detail ed
predictionsfor this event include bessdli an elements, geographic coordinatesof the path of
totality, physical ephemeris of the umbra, topccentriclimb profile wrredions, locd
circumstances for over 1000citi es,maps of the edi pse path, weaher prospects, the lunar limb
profileand the sky during totality. Tips and suggestions are dso givento the general puldic on
how to safely view and phdograph theedipse. The path of the total solar edipse beginsin the
Padfic,continues through nathern South America and the Caribbean Seaand ends at sunset off
the Atlantic coast of Africa. A partialedipse will be seen within the much broader path of the
Moorispenumbral shadow, which includes parts of the United States andeastern Canada,
Mexico, Central America and the northern halfof South America F. Espenak pulished a paper
"EclipsesDuring 199" in the Observer's Handbod - 1996 ofthe Royal Astronamical Society of
Canada. Thisannual contributionpresents predictions for the two partial solar and two total
lunaredi pses occurring during 1996.Tables of local circumstancesfor each solar edipse are
given. Lunar ecli pse predictions areaccompanied by crater contad tables. Global maps ow the
regionsof visibility for each edipse and dagrams of the Moon's paththrough Earth's shadow are
included. Predicted times for the variousgages of each eclipse ae given as are the magnitudes at
greaestecli pse.

F. Espenak was a keynote speaker at the NATO Advanced ResearchWorkshop " Theoreticd and
Observational Problems Relatedto Solar Eclipses’ held in Sinaia, Romaniaon 1996June 1-



5.This meding was organized to give reseachers a chanceto dscusscurrent progressand
problemsin edipse related solar physicsandto lay the groundwvork for planning for the total
solar edipseof 1999Aug. 11.The path of this edipse passs through central Europe, making it
easily aacesgble to millions of people. "NASABUIl etin for the 1999Total Solar Eclipse” (F.
Espenak) will be puldished in the NATO ARW proceedings during Fall 1996.A detail edNASA
bulletin onthe 1999edipse (F. Espenak and J. Anderson)isin preparation and will be pullished
in winter 1996.

Prominence spedra. D. Deming and E. S. Chang (Univ. Massachusetts)completed their analysis
of the 1 to 5uminfrared spectrum of a solar prominence. They are currently involvedin an
extension d thiswork to the 10 umspectral region. Analysis of 10 umFourier transform spedra
taken by P. Foukal at the McMath-Piercesolar telescope reveals a very pronourced broadening of
the high-nHydrogen lines. It is believed that this represents Stark broadeningdie to the
prominence éedron/ion censity, which isindicatedto be of order 10** cm-3. Additi onal infrared
observationsof prominences are planned to be made simultaneously with SOHOobservations of
UV emisgonlines.

Sdar Chromospheric Heating. M. Goodman developed a seriesof two dmensional, steady state,
resistive MHD models with flowto suppat the propasition that a major source of heding forthe
middle chromosphereisresistive disspation o large scaledectric aurrents driven by a
convedion electric field. The aurrentsare large scde in that their scde heights range from
hundedsof kilometers in the network to thousands of kil ometers in theinternetwork. The aurrent
is caried by protons, and flows orthogonalto the magnetic field in aweély ionized, strongly
magnetizedhydrogen plasma. The flow velocity is mainly parall el to the magneticfield. The
relatively small comporent of flow velocity orthogonalto the magnetic field generates a
convedion electric field whichdrives the aurrent. The magnetic field is the sum of aloop
shapedfield and a stronger, larger scde poatential field. Solutionsindicate that magnetic loops with
horizontal spatial extents of1000- 5000 kn may be confined to, and heat, the midde
chromosphericnetwork. Other solutions indicate that magnetic loops with haizontal spatial
extents of 10,000~ 30,000 kn may span and hea the middlechromospheric internetwork over the
interior of supergranules,and may be the buil ding blocks of the diromospheric magnetic canopy.

VI.SPACE FLIGHT PROGRAMS

CURRENT MISSONS
International Solar-Terrestrial Physics (ISTP) Program

Program Overview. The International Solar-Terrestrial Physics(ISTP) Program provides
simultaneous coordinated scientific measurementsfrom most of the key areas of geospaceusing
spacecraft instrumentationlocated in pdar, geosynchronots, circular, degp magnetotail L1, and
petal orbits, and wsing high latitude groundstations.Since September of 1992,Key Parameters
(approximately 1 min averagesof more detail ed data) are provided from these regions and
fromthe Sun by many instruments on Goes 6, 7, 8,and 9 LANL 89, 9091; IMP-8; WIND;
POLAR; Geotail; and SOHO spaceaaft, and fromradar, riometer, magnetometer, and aher
ground-based measurements.This combined data base, avail able on-line over the NASA



Sciencelnternet and dstributed onCD-ROM, is being used to oltain amore mmplete
understanding of global magnetospheric dynamics.

Many LEP investigators are invalved in the ISTP Rogram as ProjedScientists: M. Acufia
(ISTP), K. Ogilvie (WIND), R. Hoffman(POLAR), M. Goldstein (NASA Cluster), M. Hess
(NASA Equator "S"),S. Curtis (Theory),. W. Mish (Data Systems), D. Fairfield
(EquatorScience). Instrument P.1.'sinclude: K. Ogilvie (WIND/SWE, R.Lepping (WIND/MFI),
and M. Kaiser (WIND/WAVES). The LEP aso hasalarge number of Co-I's associated with
WIND and POLAR instrumentsand the ISTP Theory Program, and the Information Analysis
andDisplay Office has anumber of people invalved with the data analysis.

Science Planning andOperations. Todl s have been devel opedby the LEP-based ISTP Sience
Planning and Operations Fadli ty(SPOF) to display the Key Parameters. In addition the SFOF
produces’custom” displays of Key Parameters from Geotail, WIND,IMP-8, geosynchronows
satellit es and groundbase instrumentation For important scientific periods these plots are
avail able overthe World Wide Web (http://www-spof.gsfc.nasa.goVv/).

The SPOF uses the Satellit e Situation Software to generate informationused in planning the
instruments operations for Wind and POLARspacecraft, and for coordination o science
operations with athermissons. These mordination eff orts involve Science Campai gnsgponsored
by ISTP and the Inter-Agency Consultative GroupforSpace Science (IAGC) initi atives.
Coordination also takes placéetween the Science Planning and Operations Facili ty and the
Solar-Terrestrial Energy Program (STEP) coordination dfice.

Theory. Global MHD simulations of the magnetosphere, asthe result of a multi- year eff ort under
the auspices of the International Solar Terrestrial Physics (ISTP) Program led by Projed
Scientistfor Theory, S. Curtis, are now cgpable of near quantitative picturesof the
magnetosphere. As aresult, new stridesin understandingexplosive processesin the
magnetosphere asciated with magneticreconrection have become passble. The smulations
provide theframework for conneding the widely separated satellit e singlepoint measurements
and associated remote auroral observations.Given the solar wind input to the magnetosphere, the
detailedmorphdogy of the aurora can be predicted and compared to olservationsfrom the ISTP
Polar spacecraft.

POLAR

POLAR isapart of the International Solar Terrestrial PhysicsProgram. On February 24, 1996,
this gacecaft was placed in an86 degreeinclination elli pticd orbit with a9 RE apogee anda 1.8
RE perigee The spaceaaft contains alarge aray of eledricand magnetic fields instruments,
charged particle detedors thatresolve ion species, and threetypes of auroral imagers coveringthe
ultraviolet aurora, visible aurora, and auroral X-rays. Theseinstruments utili ze state-of-the-art
tecdhndogy in bah theirdetedor and electronics systems. Unique data ae being acquiredonthe
entry of plasmainto the polar magnetosphere from boththe solar wind and the ionasphere, on
important plasma physicsmechanisms that transfer energy between fields and charged
particles,and d unprecedented images of the aurorawith high time and spatialresolution. R.
Hoff man isthe POLAR Projed Scientist, M. Hessethe Deputy Projed Scientist, and N. Fox the
operations coordinator.The Laboratory has a number of Co-Investigators associated
withinstruments on this gacecaft.



Eledric Fields. NASA's POLAR satellit e was launched inFebruary, 1996.Included in the
payload complement is the firstvector DC electric field experiment to be flown in the
Earth'smagnetosphere. The instrument is returning unprecedented dataconcerning
magnetospheric dedric fields including thase associatedwith doubbe layers, cusp crossngs,
plasma shed boundxries, thepdar cgp and aurora zones, the plasmapause and dasmasphere,and
the magnetopause. The Principal Investigator for the EledricField Experiment on Polar is Dr.
Forrest Mozer at the Universityof California & Berkeley. At the LEP, the dedric field
teamconsists of R. Pfaff, Jr., M. Hesse, and J. Clemmons.

Plasmas. The HYDRA instrument, which measures plasma distributionfunctions and was built in
the LEP, isworking very well; dataare being reduced and the first pulications readied for
pubdicaion.

WIND

Plasma measurements. The SWE instrument (K. Ogilvie, P.I.)continues to operate wmrredly and
datais reduced and avail ableto date. Papers have been written onthe Lunar Wake,
RelativeMotion between Hydrogen and Helium ionsin the Solar Wind, TheEarth's Foreshock,
Observations in the Magnetosheah, InterplanetaryMagnetic Clouds and many magnetospheric
topics.

NEAR

The NEAR spacecraft (APL-led) was succesgully launched onFebruaryl7, 1996.The NEAR
XGRS (J. Trombka, tean leader) was turned onduing the week starting April 7, 1996and
periodic tests werecarried ou through November 11,1996when the entire system will be shut
down urtil June, 1997.The x-ray and gamma-ray detedorsystems have dl been tested and are
operating according to spedficaions.Both backgroundand cdibration data have been oltained.

Ulysses

The Ulysses paceaaft has completed its primary misson withthefirst in situ exploration d the
interplanetary medium abovethe south and nath pdes of the Sun. The primary misson
includeda "fast latitude scan”, which took the spacecraft from80° S. heliographic latitude to 80°
N. latitude in oy10 months, ending in mid-1995.This fast latitude scan providedurprecedented
observations of slow and fast solar wind at solarminimum as afunction d latitude. Currently,
Ulysses has begunits ssmnd abit of the Sun, which will bring it over the polesof the Sunin
2001-2002at the height of solar maximum when itwill explore an interplanetary medium that is
significantly moreperturbed by transients events.

The GSFC contribution to Ulysses includes involvement with twodaf its sientific instrument
padkages, the Unified Radio and PlasmaWave investigation (URAP) and the Solar Wind lon
Compasition Spedrometer(SWICS). URAP Co-investigators at GSFC are M. Desch, J.
Fainberg,M. Goldstein, M. Kaiser, R. MacDowall (Principal Investigator),M. Reiner, and R.
Stone (Pl emeritus); K. Ogilvieis a Co-investigatoron the SWICS team.

Recent URAP results pertain to the observations of both remoteradio sources andin situ pasma
waves. M. Reiner, J. Fainberg,and R. Stone provided the first remote "snapshat” ofthe
Archimedean spiral of the heliospheric magnetic field, pubi shedin Science. J. Fainberg, V.



Osherovich , R. Stone, and R. MacDowall presented an analysis of the thermodynamic properties
of a particularlywell -defined magnetic doud olserved by Ulysses. R. MacDowall ,R. Hess, G.
Thejappa (U. Md.), and D. Lengyel-Frey (U. Md.) reportedonavariety of in situ wave
phenomena observed by Ulysses, includingthe significant differences observed in various wave
modes duringthe fast latitude scan, the daraderistics of whistler, Langmuirand aher wave
modes in the vicinity of interplanetary shocks,and the discovery by Ulysses of intense wave
adivity in the vicinityof magnetic haes. M. Kaiser, M. Desch, M. Reiner, and aherscontinued to
analyze the wealth of Jovian radio data provide byUlysses. These results are described in the
relevant sectionsabove.

FAST

NASA's Fast Auroral SnapshoT Explorer (FAST) was launched onAugust21, 1996Gnto its
planned 350 km x 4175 km orbit with an 83 degreeinclination. The objective of the satelliteisto
understand thephysicd processes that energize dharged particles that producethe Earth's aurora,
aswell as participate in several other plasmaaccderation processesin the high latitude region o
the magnetosphere.Instruments on FAST include fast energetic dedronandion
spedrometers,vedor eedric and magnetic field wave instruments, and an energeticion
compasition experiment. The Principal Investigator for FASTis. C. Carlson (U C Berkeley). R.
Pfaff of the LEP isthe NASAProject Scientist for the FAST misson.

IMP-8

IMP-8 has now been providing fields and perticles data for 23years and continuesin itsrole &
participant in the ISTP program.It functions as either a solar wind monitor, providinginformation
on ugstream solar wind energy and spedfic magneticfield state-function, a almost as often and
now with renewedinterest, as a source of magnetospheric data, since anothersolar wind monitor
WIND isin arbit. IMP-8 has contributed valuabledata to solar, solar wind, and magnetospheric
physics for overa cmmplete (22-yea) solar cycle. Because of eff orts by personnelat Goddard
SpaceFlight Center, including thase within the Lab(M. Comberiate, J. King, and R. Lepping), an
IMP-8 tradking stationhes been recently ereded at McMurdo, Antarctica As aresultof this eff ort
useful spacecraft telemetry has increased fromabou 69% to 926 per year when the period mid-
yea 1995to mid-year1996is compared to the year 1994,for example, significantlyenhancing
the value of the IMP-8 data set, espedally when importantmulti point measurements are essential
to astudy. J. Slavin andA. Szabo have recently joined the IMP-8 magnetometer tean

(R.Lepping, PI).
Support of the Sprite'96 Campaign

Members of the Laboratory of Extraterrestrial Physics participatedin the Sprite '96 olservation
campaign in the summer of 96 atthe Y accaRidge Field Stationin Ft. Colli ns Colorado. The
groupoliained AC magnetic measurementsin the ELF-VLF regime of theluminous events
observed ower thunderstorms, now commonly called"sprites." Laboratory members built afast
samplingV LF burst detection system that triggers onimpulsive events,such events defined by
their broadband frequency spectra. Thesystem captures the event waveform in an extended time
interval.All totaled, the group captured over 70 events with ssimultaneousradio and visual
observations.



FUTURE MISSONS
Cassgni

E. Sittler and tean members M. Johrson, A. Ruitberg, F. Hunsaker,T. Vollmer and S. Bakshi are
developing for the Cassni PlasmaSpedrometer Investigation (CAPS the Spedrum Analyzer
Modue(SAM), 16 K/ High Voltage Power Supdy, and Flight Software forSAM and the Data
Processng Unit (DPU). The primary objediveof the CAPSinvestigation is to measure the
plasma environmentof Saturn's magnetosphere and surroundng regions. The principali nstrument
of CAPSisthe lon MassSpedrometer (IMS) which usesa Linea Eledric Field (LEF) time-of-
flight sedionto determinethe mmpasition d the plasmawhich is believed to be composedof
hydrogen, water, nitrogen and carbonions with mixtures ofmethane and ammoniaions. The 16
kV High Voltage Power Supdyisto provide the required 30 K/ aaossthe LEF time-of-
flightsedion d the IMS. The primary function & SAM isto acamulatemedium and hgh
resolution time-of-flight spedrafor all eightangular sectors of the IMS and processthe time-of-
flight spedrausing a specially developed high speed spectral analysis algorithmto compute the
ion abundances. The flight software in the DPUcontrols SAM and the Time-to-Digital Converter
(TDC) and acquirestime-of-flight data, ion abundance data, and howsekeeping datafrom SAM
andraw singles data and howsekegping data from the TDC.The delivery of the flight unit is
currently in progress

Mars'96

y-Rays. There are anumber ofgammearray spedrometers aboard the Mars '96 spacecraft. LEP
membershave w-investigator resporsibility for four of these spedrometers;this instrumentation
development is described in Section V11 below.

Magretic Fields andPlasmas. J. Slavin isa Co-lI on thecombined magnetic fields and dasma
investigation (MAREMF) whichwill fly onthe Russan Mars-96 missonthisfall. The -
principali nvestigators are Prof. W. Riedler (Austrian Academy of Sciences)and Dr. M. Verigin
(Russan SpaceResearch Ingtitute). U.S. Co-I'swere competitively selected by NASA
Healquarters to participatein the various Mars-96 scientific investigations some years agoas part
of ascientific exchange which also invalved the gopantmentof Russan Co-I's to the Mars
Observer investigations. Slavinwas also seleded by NASA Headquarters to suppat the Mars
Global Surveyor misson's magnetic field and eledron reflectometer investigation(M. Acufia, P.I)
as a Participating Scientists. Both theMars-96 and Mars Global Surveyor Missons will be
launched towardMars in November of 1996.1n addition to condicting studies ofthe Martian
plasma environment and danetary magnetic field, Slavinwill asgst the scienceteams of both
missonsin the mordinationd their measurements and the exchange of data products.

Mars Global Surveyor

J. Peal continues his adivities as a Co-Investigator on theMars Global Surveyor Thermal
Emisson Spedrometer (TES) experiment;P. Christensen (Arizona State University) isthe TES
P.I. Preparationsare under way to provide information to the MGS Rojed on thermaland aerosol
condtions in the Martian atmosphere to asgst inthe aerobraking phase of the MGS misson. M.
Smith's exploitationd a new presaure-dependent mathematica transformation providesrelatively
narrow weighting functions for inversion d upward-lookingspedral data obtained from a



planetary surface. Developed witha Martian lander in mind (using the 15 micrometer band o
CO,)the methodis appli cable to more general situations, such as terrestrial observations using
microwave O, lines. This all owsprobing of the planetary diurna boundary layer in the lower

scdeheight at aresolution o abou 100m.

Clark

Under the X-ray and y-ray Fadli tyDevelopment program (J. Trombka, P.1.; seebelow) large aea
roomtemperature detector systems (APD's and CZD's) were developed(R. Starr, P.1., J. Trombka
and M. Acufia, LEP Co-I'.s)for the for the alvanced-techndogy Clark Missonto be
launchedduring the Spring d 1997, the data obtained will be very importantin development of
future planetary x-ray remote sensing systems.

Mars Surveyor '01

In anticipation d the Mars Surveyor '01 (B. Boynton, U. Arizona,P.1.; J. Trombka, L. Evans, and
R. Starr, Co-l.'s) remote sensingGRS, plans for a number of investigations have been
undertakenunder the . These include areview of the Mars Observer GRS, astudy of simplifying
and improving the system and a planfor studying low level (comparable to interplanetary
cosmic-rayfluxes) protoninduced damage and simultaneous room temperatureannealing. This
would attempt to simulate events during the MarsSurveyor '01 cruise phase.

Solar Probe

Plasma Instrument. E. Sittler and tean members D. Chornay,F. Hunsaker, J. Keller, K. Ogil vie,
A. Roberts, A. Ruitberg andwW. Vaughn (LaRC) are developing a plasma instrument which
mayeventually be used for the Solar Probe Misgon. The plasma instrumentprovides 3-D
measurements of the plasmawithin the Sun's coronaand rear solar wind where the spaceaaft
comes within 4 solarradii of the Sun. The 3-D measurement capabili ty of the plasmainstrument
will alow the measurement of ions within an environmentwhere MHD waves can provide large
diredional swings of the flowwithin the spacecraft frame of reference. It will also allow
themeasurement of the strahl eledrons which are expeded to be movingradially away from the
Sun. Previous instrument concepts had theplasma instrument looking to the side within the
protedive shadowof the spacecraft hea shield and could na look at the Sun. Theplasma
instrument uses toroidal top hat analyzers with commoncollim ator for the ionand eledron
measurements. A steering lensis used to provide measurements out of the orbit plane of
thespacecraft and the ion spectrometer has time-of-flight sectionfor amass &paration cgpabili ty.
The novel feature of the plasmainstrument is the dectrostatic mirror system with miniature
heashield which all ows the plasma instrument to look at the Sun.Thiswill allow one to measure
high speed flows emanating radiallyfrom the Sun, flows defleded into the anti-solar diredion
andthe strahl comporent of the dectrons.

In-Stu Measurement Requirements. D. A. Roberts srvedas moderator with J. Gosling (LANL)
for a subgroup concentratingon the required instrumentation for in situ measurementsby a Solar
Probe during the workshop onthe Scientifi c Basisfor Robatic Exploration Close to the Sunheld
in Marlboro,MA during Feb. 1996.They summarized the group's findings in thisareafor the
procealings to provide abasis for other planningefforts. A number of LEP members also made
individual contributionsto the proceedings.



IMAGE

The Imager for Magnetopause-to-Aurora Global Exploration (IMAGE)isthe first of NASA's
new MIDEX misgons. Its objedive istotake the first pictures of Earth's magnetosphere using
UV, neutralatom, and radio soundng techniques. It is scheduled for launchin January 2000.M.
Smith isthe Co-I resporsible for the LENAinstrument and is also the Misgon Scientist. The Pl is
Dr. JamesA. Burch from Southwest Research Institute.

SSTP

The TRW Small Satellite Tecdhndogy Program (SSTP) satellit e, tobe launched in the winter of
1996, will cary anew infrared spedralimager (LEISA) designed in the LEP (seeSection V1I).

EO-1

New Mill ennium Program Earth Orbiter 1 (EO-1) missonto be launchedin the spring of 1999
will also cary aversion d the LEISA infraredspectral imager (see SedionV11).

MIDEX Misdgon Planning

Magjor strides have been made in developing new multi probe cnceptsfor magnetospheric and
ionaspheric misgonsin the NASA MIDEX($70M) class The dfort has been the result of large
teams ledby S. Curtis which include scientists from the University of Minnesota,UCLA,
Berkeley, University of Colorado Boulder, South West Reseachinstitute, Johrs Hopkins
University Applied Physics Laboratory,Rice University, and Cornell. Anindustrial partner
Orbital SciencesCorporatiory Fairchild provided the spacecraft engineering
bre&throughs.Specificdly, two near microsat classmisgons have been developedwhich fully
incorporate ammercial-off-the self techndogy, workstation-based shared commercia ground
stations, fully integratedteams, and reduced program management. The first of these
spacecraftclustersis compaosed of 4 spacecraft each with awet massof 140kg.With onboard
interspacecraft ranging and propusion capableof 1 km/seg they fly in atetrahedral formation
with typicd spacecraft separations ranging from 10-60,000 kn. throughou themagnetosphere
from nea earth to 12,000,000 i, the antisolarLagrange point, from equatorial to pdar latitudes.
This misson,Grand Tour Cluster lite, would for the first to unquely separatespace ad time over
scde lengths of interest to magnetosphericplasmas. It would al ow a quantitative study of
morphdogy, kinematics,and dynamics of an astrophysicd plasma system where
measurementsare not limited to radiating plasmas alone. The seamndmisson Auroral Lites, is
also composed of four microsatellit es (wet massl10kg each) flying in atetrahedral formationin
3000X 6000 kmpdar orbit with separations from 1 to 100kn. The focus here ison the plasma
energization processes asociated with the eath'smagnetosphere's most powerful radiating
signature, the auroralights. Finally, we note that using the Grand Tour Cluster lit espacecraft as a
point of departure, it has been shown that a Mercurymulti ple flyby missonis passble in the
MIDEX cost class Itwould complete the surface map of Mercury, andtheinitia explorationd
the Hermian magnetic field and magnetosphere, as well as penetrated oser to the sunin the inner
heli osphere than any probe to date. The missonwould be highly complementary to the alvanced
MercuryOrbiter misson being considered by the European Space Agency.

VIl . SPACE FLIGHT INSTRUMENTATION DEVELOPMENT



Infrared Spedral Imaging.D. E. Jennings, D. C. Reuterand G. H. McCabe (in coll aboration with
the Engineering Diredorate)are developing infrared spectral imagers based onthe LEISA
(LineaEtaon Imaging Spedral Array) concept. LEISA represents a cmpletel ynew concept in
spedrometer design made possble by large-formatdetectors and advances in thin-film
techndogy. Originally developedfor the Pluto Fast-Flyby Misson (PFF) under the Advanced
Tedndogylnsertion Program, LEISA uses a state-of -the art filter (alinearvariable d@alon, LVE)
in conjunction with adetedor array toolktain spedral images. The mgor innovation d LEISA is
its focdplane which isformed by pladng a LVE in very close proximityto atwo-dimensional
detedor array. The LVE isawedged deledricfilm etalon whose transmisson wavelength varies
along one dimension.In operation, atwo-dimensional spatial image isformed onthearray, with
varying spedral informationin ore of the dimensions.The image is formed by an external optic.
Eacdh spatia point iscanned in wavelength acrossthe aray, thereby creaing atwo-
dimensionalspedral map. Scanning may be accompli shed by a number of methodsauch as by the
orbital motion d the spacecraft, by rotating thespaceaaft, as was planned for PH-, or by a
steaable mirror.The adual spatial resolutionis determined by the spatia resolutiond the
imaging optic, theimage scan speed, and the readou rateof the aray. The spectrometer has no
moving parts, aminimumof opticd elements and orly one dectronicdly activated element,the
array. Compared to conventional grating, prism, or Fouriertransform spectrometers and
medhanically or eledricdly tunablefilter systems, it represents agrea reductionin ogicd
andmedhanica complexity.

The first space-borne goplicaion d LEISA will be & one of themajor scientific instruments on
the TRW Small Satellit e TechndogyProgram (SSTP) satellit e, Lewis, scheduled to be launched
in thewinter of 1996.For this eath-viewing appli cation the imagerwill operateinthe 1 to 2.5um
spedralregion with a cnstant resolving power (A/AX)of abou 250at a spatial resolution o 300
meters. Under dayli ghtcondti ons the spedral images obtained will provide maps of
spedrallydependent surface and atmospheric refledances and atmospherictransmittances. These
may be analyzed to yield: 1) surfaceinformationincluding soil and vegetation types, extent of
vegetation, snowand ice fields, zones of fire damage and pdl ution etc. and 2atmospheric
informationincluding ared cloudfractions, cloudheights, cloud article sizes, cloud particle
phases, aerosolproperties, large fire smoke extents, volcanic dust and aerosol production and so
on.

Ancther version d LEISA (LEISA/Atmospheric Corrector or LAC)will fly onthe New

Mill ennium Program Earth Orbiter 1 (EO-1)missonto be launched in the spring of 1999.In this
case thecamerawill provide 250 meter spatial resolution, 0.85to 1.6nm spedral images at a
constant spedral resolution d ~30 cm™.The primary purpose of this atmospheric datais to
correct thehigh spatial resolution, low spedral resolution Landsat-typemulti spedral images
(from anather instrument on-board) for thespatially and temporally variable eff ects of the
atmosphere. Plannedformation flying encounters with the operational Landsat satellit ewill allow
the operational Landsat datato be crreded for atmosphericeffeds aswell. The unique
hyperspedral images will also providescientific datain their own right, including water vapor
estimates,cloud and aerosol parameters, and surfaceproperties. EO-1 isthe first of the eaith
observing New Mill ennium missons.

Tunale Diode Laser. An LEP spectroscopy group(D. C. Reuter,J. M. Sirota, J. J. Hillman and
D. E. Jennings) places a strongemphasis onimproving instrumentation and, among other



acompli shments,has devel oped a unique tunable diode laser (TDL) system for obtainingspedra
to ~30 um employing advanced(Si: Sb) BIB detectors, high performance leal-salt lasers and
along-path White-type sample cell. A very long-path, coolable White-typecell i s currently in
fabrication which will allow pathlengthsin excessof 500m at temperatures as low as 120K.
They are dsoplanning to enhancethe long-wavel ength capabili ty of the KittPegk National
Observatory McMath FTS spectrometer by employinga series of long-wavelength beamsplitters,
and are developingmethods for external cavity stabili zation d long-wavelength TDLS.

Radio Souner for Space Plasmas. A state-of-the-art radiosounder design known as a Radio
Plasma Imager (RPI) will be oneof the instruments flown onthe IMAGE (Imager for
Magnetopause-to-AuroraGlobal Exploration) satellit e scheduled to fly in January, 200Gs the
first Medium-classExplorer (MIDEX). R. Bensonis a memberof the RPI tean and has helped to
develop the aoncept of magnetosphericradio soundng based on hs experience with ioncspheric
topsidesoundng. The RPI (Instrument PI: B. Reinisch, U. Mass, Lowell)is one of a complement
of remote sensing instruments on IMAGE(PI: J. L. Burch/Southwest Reseach Institute).
Together theyshoud provide amajor advance in remote observations of
magnetosphericstructures and dynamics (see http://badlero.gsfc.nasa.gov/~image/IMAGE. html).

Eledric Fields. A groupled by R. Pfaff designs and buldselectric field doubbe probes for flights
on soundng rockets inthe earth'sionasphere. In the past year, these instruments wereflown ona
soundng rocket payload launched from Poker Flat, Alaskato study the amospheric resporse to
the aurora. The Goddard experimentincluded eledronics to measure both the DC and AC vedor
eledricfield componrents. On-board processng eledronics, developed atGoddard, were included
in the instrument to carry out on-boardFFT processng that extended the measured frequency
regimeto8 Mhz

Plasma Detedor. J. Kdler, F. Hunsaker, and D. Chornaydeveloped anew kind d charged
particle analyzer using €lli pticdlyshaped electrostatic mirrors to image spaceplasma
distributionfunctions. The technique borrows concepts from light optics toachieve 2 degree
angular resolution with awide field-of-viewand high thoughpu. The techniques developed for
thiswork arebeing extended to buld an eledrostatic periscope for use ona solar probe misson.
Thiswill allow measurement of the solarwind in the diredion d the Sunwith ou exposing the
interiorof the spacecraft to drect solar radiation.

Neutral Atom Imaging Instrumentation. The LEP is coll aboratingwith Lockheed-Martin Palo
Alto, the University of Maryland, theUniversity of Denver, the University of New Hampshire,
and theUniverisity of Bern onthe development of the Low Energy Neutral Atom (LENA) imager
for the IMAGE misdon. M. Smithisleaingthe eff ort with suppat from F. Herrero and science
and engineeringstaff from throughou the LEP. The LENA instrument uses a uniqueneutral-to-
ion conversion surfacedevel oped by the team to enabl ethe instrument to function at very low
neutral atom energies (feweV to 300eV). The Engineering Unit subsystems are being
producedat present and testing of criticd systemsis underway.

M. Hesse, working with colleagues from APL and LANL, developeda model that is cgpable of
predicting neutral atom fluxes causedby charge exchange between exospheric hydrogen and
plasma shedprotons. The proton model is based onthree-dimensional MHD simulations.Results
show that neutral atom imaging shoud be feasible forenergy ranges upward from some 10 keV,
or lower, if a @ld plasmasheet comporent is present. The investigation was extended toinclude



redistic instrument parameters.

X- and y-Ray spedrometers.J. Trombkaisthe P.I. for the X-ray and y-rayDevel opment Fadli ty
under NASA's Planetary Instrument Designand Development Program. He and histeam (P.
Clark, L. Evans,S. Floyd, R. Starr) have @ntinued to design and produce state-of-the-
artinstrumentation for a variety of spacecraft (see dowve). Theirdevelopment efforts (for Mars
'96) include helping in the design,devel oping verificaion cali brations of the flight
detedors,developing cdibration procedures for the auise phaseof the misson, and developing
anayticd methods for theinterpretation o the aquise and abital gamma-ray spedra. Thisyear's
eff ort concentrated onthe Ge detector system knownas the Predsion Gamma-Ray Spectrometer
(PGS) and onthe Csl detectorin the Penetrator Gamma-Ray Spedrometer (PeGRS). Comparison
cdibrationswere carried ou onthreeGe detectors and two of the detectorswere chosen for the
flight units. Our group farticipatedin the final assembly of the PGS instrument and the
verificaiontesting and calibration d the flight system. The flight systemmet the design
spedficaions. Our mgjor effort with resped tothe PeEGRS, has been to cd culate the badkground
and induced activiti esproduced by the Radio Thermal Generators (RTG) and the Radio
HedingUnits (RHU) aboard the penetrator. These calculations will beneaded in order to interpret
the data obtained when the penetratoris in the Martian surface Detail ed cali brations of an
engineeaingunit of the PeGRS will be carried ou inthe USin the late spring,predicaed ona
succesdul launch of Mars'96.

VIl . OUTREACH ACTIVITIES

EducationInitiative R. Lepping, J. Clemmons, and F. Ottensdarted an Educaion Committee
with the purpose of outreachingto the pullic and asssting nearby schodsto better understandthe
role of space scientists and ou Lab'swork in particular.The committeeis presently setting up a
home page which will i ncludethe work of the Lab in terms that are cmprehensible to the
pubic,atutorial on magnetospheric physics, an interactive exerciseused to lean abou the NEAR
misgon from J. Trombka's team, andsimil ar teaching tods. The LEP also contributesto or
maintainsWWW pages for many of the projedsit isinvaved in, includingl STP and aher
missons, some of these ae mentioned below.

Elementary Education. P. Romani in May of this year coll aboratedwith teaders and their
students at Glenarden Woods ElementarySchod in Glenarden, Maryland and at Wil dwood
Elementary Schodin Amherst, Massachusetts to dugi cate Eratosthenes's measurementof the
circumference of the Earth. Eratosthenes was a Greek whalived and experimented in Egypt in
the Ptolemaic ea. His determinationd the Earth's circumference was within 13% of the modern
dayvaue. The experiment was a successand the detail s were presentedat the 1996Division d
Planetary Sciences meding.

Visiting Teacher. As part of the NASA/Prince George's CourtyTeacher Intern Program, D.
Taylor from Martin Luther King MiddleSchod, Laurel MD, visited the Laboratory for six
weeks; he participatedin research aimed at understanding positional changes of the Earth'sbow
shock using IMP-8 magnetic field data. He worked with A. Szaboand his mentor, R. Lepping.

Eclipse Home Page. F. Espenak developed a World Wide Webhame page focusing on solar and
lunar edipses which went on-linein July 1996.This web site presents predictions for al solarand
lunar edi pses during the 1000year period 1501through 2500M ore detail ed maps and figures



focus on edipses occurring from1996through 2010.A specia series of maps $how the paths
ofall total and annuar solar edipses through North Americafrom1851through 2100In resporse
to NASA's pulic outreach program,instructions are provided to the general pubic for safely
observingsolar eclipses. There ae dso detail ed explanations on hawv toolserve and phdograph
both solar and lunar ecli pses. The PlanetarySystems Branch hame page is under continuous
development and growth.The URL for the edipse home pageis:

http://planets.gsfc.nasa.gov/edi pse/ecli pse.html.

Planetary Systems Branch Home Page. F. Espenak and D. Stephens(Unicom Communicaions)
developed aWorld Wide Web hane page forNASA/Goddard's Planetary Systems Branch which
went on-lineinduly 1996.This web site describes arange of adiviti es and li nesof research which
branch members are arrently engaged in. Researchadiviti es covered include infrared
spedroscopy, moleaular spectraand structure, comets, detection and charaderization d extra-
solarplanets, and the Sun at infrared wavelengths. Comporents of researchadiviti es cover topics
such asinfrared interferometer spectrometers,analysis of planetary infrared spedra, laboratory
spedroscopy,new techndogy spectrometers and detectors, groundbased and
aircraftobservations, terrestrial stratospheric trace spedes, and Compaositelnfrared Spectrometer
(CIRS) for the Casgni Misson. In additionthe NASA Reference Publication 1349,"Twelve

Y ea PlanetaryEphemeris. 1995- 2006" (F. Espenak) is also avail able dedronicdlythrough the
Planetary Systems Branch hame page. The URL for thehome pageis.

http://planets.gsfc.nasa.gov/code693/ code693.Hml.
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